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Abstract
Evaluation of the Impacts of Highway Construction on
Sediment and Benthic Macroinvertebrates in
Appalachian Streams
Lara B. Hedrick

Corridor H is a four-lane highway under construction in north eastern West Virginia. I
used a variety of methods to assess the impacts of highway construction in the Lost River
watershed, Hardy County, West Virginia. I designed a two part sediment sampler to be used to
monitor sediment in paired sites upstream and downstream of highway construction. The twopart design, a base that remains embedded in the substrate, and a removeable trap, allowed for
long-term placement of samplers without continual disturbance of the streambed. I used a
laboratory flume to compare my sediment sampler design with other devices used to measure
stream sedimentation. Based on the flume experiment, the efficacy of our sediment sampler was
consistent with that of modified core samplers, and modified Whitlock-Vibert boxes.
I monitored sedimentation using the in-stream sediment sampler at paired sites upstream
and downstream of highway construction on two tributaries of the Lost River, Sauerkraut Run
and an unnamed tributary. I also monitored changes in the benthic macroinvertebrate
communities using an index of biotic integrity, the West Virginia Stream Condition Index. I
found little difference in the amount of fine sediment collected at upstream and downstream sites
during the three year study. The downstream site on Sauerkraut Run collected significantly
greater amounts of sediment in 2003, prior to installation of sediment fencing. Benthic
macroinvertebrate metrics did not differ significantly annually or seasonally between sites or
between streams.
In addition to monitoring sediment and the benthic macroinvertebrate community on
Sauerkraut Run, I also documented changes in the stream channel in response to highway
construction and high flow events. Alterations to the streambed during construction included
placement and removal of a temporary culvert, straightening and regrading of a section of stream
channel, and armorment of a bank with a gravel berm. I surveyed longitudinal profiles and cross
sections in a reference reach and the altered reach of Sauerkraut Run from 2003 through 2007 to
measure changes in the streambed. Changes to the streambed downstream of construction
included channel widening and aggradation and then degradation of the streambed. The
reference section remained relatively unchanged.
I assessed the impacts of construction by monitoring benthic macroinvertebrate
communities, and water quality, before, during, and after highway construction at paired
upstream and downstream sites from 1997 through 2007. Highway construction impacts
included an increase in stream sedimentation during the construction phase. This was indicated
by an increase in turbidity and total suspended solids. Benthic macroinvertebrate metrics indicate
a community more tolerant during, and after construction than in the period before construction.
The percent of chironomidae and the Hilsenhoff Biotic Index increased, while percent of
Ephemeroptera, Plectoptera, and Trichoptera (EPT) decreased. The variety of methods used in

these five chapters allowed better understanding of how various impacts of highway
construction, and environmental variables, such as high flows, interact to influence the biota and
habitat of streams.
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Chapter 1 - Introduction
Corridor H, a four-lane highway under construction in north eastern West Virginia, will
cross both the Appalachian Plateaus (Allegheny Mountain section), and Ridge and Valley
physiographic provinces, including Randolph, Tucker, Grant, and Hardy counties. In 1965,
Congress passed the Appalachian Regional Development Act which created the Appalachian
Regional Commission (ARC), and authorized the Appalachian Development Highway System
(ADHS). This system covers the Appalachian region from New York to Mississippi. In 1965
ARC designated Appalachian Corridor H as one of 23 transportation corridors of the ADHS
(West Virginia Department of Transportation 2002). During the 1970s, studies began on the
proposed Corridor H from Elkins to Interstate 81, and a Draft Environmental Impact Statement
was initiated in the early 1980s. A lack of funding stalled the project in 1984. The Corridor H
project was resurrected in 1990. Between 1992 and 1994 the Federal Highway Administration
(FHWA) completed a Corridor Selection Draft Environmental Impact Statement. In 1996,
FHWA completed an Alignment Selection Draft Environmental Impact Statement, and initiated
a supplemental Environmental Impact Statement (EIS). In 1996 and 1998, the Corridor H
Alternatives group issued two lawsuits, which were not settled until December of 1999. In May
2000, construction began on the Moorefield to Baker section of the project (West Virginia
Department of Transportation 2002).
A supplemental EIS, in 1996, covered the segment from Elkins, WV to the West
Virginia-Virginia state line, and included a provision for the West Virginia Division of
Highways (WV DOH) to study a minimum of ten streams along the preferred alignment of the
highway. The study was to determine if the construction and operation of Corridor H negatively
impacts stream ecology, and was initiated in 1997 by Salem International University, Salem,
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West Virginia. In January 2000, the study moved to West Virginia University with collaboration
among the Department of Civil and Environmental Engineering, the West Virginia Cooperative
Fish and Wildlife Research Unit, and the Wildlife and Fisheries Resources program.
This dissertation research evaluated the environmental impacts associated with
construction of a four-lane highway through the Lost River watershed, Hardy County, West
Virginia. Although many researchers have studied the effects of road construction on aquatic
communities (King and Ball 1965; Barton 1977; Beschta 1978; Chrisholm and Downs 1978;
Cline et al. 1982; Eaglin and Hubert 1993; King et al. 2000; Wellman et al. 2000), few examined
impacts of highway construction on streams in mountain areas (Chrisholm and Downs 1978;
Cline et al. 1982). Many studies have assessed effects of sedimentation or siltation (Barton
1977; Beschta 1978; Cline et al. 1982; Eaglin and Hubert 1993; King et al. 2000; Wellman et al.
2000), but a review by Henley et al. (2000) found inconsistent patterns of environmental impacts
among studies. Some important impacts to stream environments from highway construction
include an increase in inorganic sediments (King and Ball 1965) due to erosion of exposed,
unvegetated channel banks (Urban and Rhoades 2003), an increase in erosion of the disturbed
land surface due to recontouring and leveling (Wohl 2000, Wohl 2006), and alteration of the
natural stream channel by channel realignment, placement of culverts and construction of bridges
(Duck 1985, Johnson 2002, Johnson 2006). The following literature review includes sections on
the impacts of sedimentation, the effects of sedimentation on benthic macroinvertebrates,
assessing sedimentation, and effects of construction on stream channels.
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Impacts of Sedimentation
Over the past few decades, many studies have summarized sedimentation as the single
greatest water pollutant affecting streams throughout the United States (Judy et al. 1984, USEPA
1990, Richter et al. 1997). In the 1982 National Fisheries Survey, Judy et al. (1984) reported that
respondents (fisheries managers with greater than 9 years experience in states throughout the
U.S.) ranked siltation as the major concern in all streams, and excessive sedimentation ranked
number one in sources adversely affecting fishery habitats. Based on the USEPA 1988 inventory
of stream and water quality, siltation affected 42% of impaired stream miles in the United States
(USEPA 1990). In 1992, siltation affected 45% of the impaired stream miles (USEPA 1994).
Sedimentation in streams can be defined in two ways, the concentration of suspended
sediment, or turbidity; and deposited sediment, or sedimentation on the streambed (Wood and
Armitage 1997). A forested watershed provides the baseline condition for measurement of the
natural inputs of sediment in a stream channel. This type of landscape provides the least amount
of impervious surface, and the greatest amount of root protection (Schueler 2000). Any other
land use has the potential to create extra sediment inputs. Land uses that have the greatest
potential to impact stream sediment include agriculture, forestry, mining, and urban development
(Waters 1995, Wood and Armitage 1997).
The main sources of sedimentation during urban development are from construction and
excavation associated with development of roads, bridges, and housing communities
(Angermeier et al. 2004). Parking lots and other impervious surfaces increase the amount of
runoff a stream receives after a storm event. Increased velocities in streams with accelerated run
off causes an increase in erosive forces, undercut banks, and heavy sediment loads (Albanese and
Matlack 1998). Highway construction creates a large amount of bare earth especially in
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mountainous areas. Large increases of sediment in streams affected by highway construction
most commonly occur after periods of heavy rains (King and Ball 1965). Often sediment ponds
or fencing are not adequate for such events. However, unlike agriculture, which is a permanent
land use, construction projects are often short term, and site remediation can return sediment
deposition and suspended solid levels back to pre-construction conditions (Barton 1977). In
comparing urban streams to those in agriculture areas, Schueler (2000) found that urban streams
had less sedimentation than streams impacted by agriculture. The main source of sediment was
from stream bank erosion, resulting from channelization of streams.

Effects of Sedimentation on Benthic Macroinvertebrates
The effects of sedimentation on benthic macroinvertebrates and fishes in streams are
widely diverse. Excessive stream sedimentation, resulting from anthropogenic land
disturbances, can alter community composition and abundance of aquatic biota (Rabeni and
Smale 1995, Jones et al. 1999), decrease reproductive success and survival of fishes (Scrivener
and Brownlee 1989, O’Conner and Andrew 1998), decreases survival of benthic
macroinvertebrates due to deposition of silt on the gills (Lemly 1982) and impact feeding
performance of fishes (Sweka and Hartman 2001).
Benthic macroinvertebrates, inhabitants of the stream bottom, are sensitive to changes in
the streambed resulting from deposited sediments. Many fishes eat benthic invertebrates, hence,
influences of sediment deposition on benthic organisms are an important problem for stream
fisheries (Waters 1995).
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Changes in Substrate Size
Benthic macoinvertebrate abundance is positively correlated with particle size of stream
substrate. Abundances generally increase across the particle size gradient of sand-gravel-pebblecobble. A relationship also occurs between invertebrate diversity and abundance and substrate
heterogeneity. Abundances are least in homogeneous sand or silt, or in large boulders and
bedrock. A mixture of gravel, pebbles, and cobble generally support higher abundances and high
species diversity for intolerant taxa of benthic macroinvertebrates (Minshall 1984). The
principal taxa available for many fish invertivores come from the orders Ephemeroptera,
Plecoptera and Trichoptera (EPT). These taxa are sensitive to sediment pollution and typically
decrease in abundance in homogenous substrate habitat. Burrowing organisms, such as
chironomid larvae and oligochaetes are more common in silt and mud (Cummins and Merritt
1996).
Brusven and Prather (1974) examined the effects of substrate on the distribution and
abundance of stream insects in two streams in northern Idaho. Ephemeroptera occurred in both
streams, but were limited in distribution to areas with lightly sanded riffles. Numbers of species
and individuals decreased in heavily silted areas. Stoneflies were uncommon and not detected in
sandy-silted habitats. Trichoptera species were only found in faster, unsilted riffles. In a
laboratory study, stonefly nymphs selected interstitial spaces between gravel and cobble
(Brusven and Prather 1974). As interstitial spaces decreased due to sedimentation, nymphs
shifted habitat to the underside of cobble. Mayfly species shifted habitat to larger sediments and
unembedded cobble for the same reasons.
Cline et al. (1982) evaluated the response of a high elevation Rocky Mountain stream to
highway construction over a three-year period. Suspended solids and sediment increased at the
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impacted study sites during construction. However, values at impacted sites approached
reference site levels within two weeks after construction ended. Densities of benthic
macroinvertebrates at impacted sites were lower than those from reference sites during and
immediately following construction. Within one year after construction, values were comparable
to reference sites. The taxa most intolerant to construction effects were from the orders
Ephemeroptera, Plecoptera, and Trichoptera (Cline et al. 1982).
In a study relating riparian grazing, sediment loads, and benthic macroinvertebrates,
Wohl and Carline (1996) documented the highest densities of benthic organisms in areas with
low sediment loads. Densities declined with increasing sediment load and decreasing substrate
size. In their study, densities of ephemeropterans and tricopterans (two taxa typically sensitive to
changes in water quality), did not demonstrate a trend in relation to sediment (Wohl and Carline
1996).

Changes in Community Composition
Lamberti and Berg (1995) examined the effects of increased sedimentation on densities
of benthic macroinvertebrate taxa of different functional feeding groups in a northern Indiana
stream. Densities of four of six filter feeding taxa were reduced by 95% in response to increased
sedimentation. Densities increased for five of six collector-gatherers. Negative effects to
collector-filterers included a decreased availability of stable substrates on which to attach, and
interference with feeding mechanisms. The effects of sedimentation on shredders varied
depending on microhabitat preferences. Taxa that preferred stream margins benefited from the
increased deposition of detritus. However, taxa that preferred coarse substrate were negatively
affected (Lamberti and Berg 1995).
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Smith and Kaster (1983) conducted a study on benthic macroinvertebrate abundance and
composition at four sites along a southeastern Wisconsin stream crossed by a four lane rural
highway. The site that received the least amount of highway runoff was the most dissimilar to
the control site with decreased densities, biomass, and pollution-sensitive fauna. This site had a
lower current velocity and increased silt in the surface of the substrate. The sites that received
the most highway runoff were similar to the control, and the site receiving the most runoff had
higher densities, biomass, and pollution-sensitive taxa than the control site.
Burns (1972) studied the effects of logging and associated road construction on four
California trout streams. Sediment and turbidity increased substantially and decreases were
found in most taxa of aquatic invertebrates. However, logging operations were short term and
densities of benthic organisms increased by 100% in two years. Ephemeroptera took longer to
recover than other insect orders.
In an environmental impact study of highway construction across Halon Creek, a small
stream in Ontario, Barton (1977) found no differences in the number of benthic
macroinvertebrates, but species composition changed with an increase in tolerant taxa and a
decrease in sensitive taxa. At one monitoring site the streambed was completely removed during
culvert construction. The riffles were replaced after culvert completion and species composition
and abundance recovered to pre-construction levels within a year (Barton 1977).
Kaller and Hartman (2004) evaluated the response of benthic macroinvertebrate
community composition to varying amounts of sedimentation in seven Appalachian streams.
The EPT taxa richness decreased in streams with fine substrate particles (<0.25 mm) exceeding
0.8-0.9% of riffle substrate composition. However, no significant differences were found in
benthic macroinvertebrate density or biomass (Kaller and Hartman 2004).
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Chrisholm and Downs (1978) monitored benthic macroinvertebrates at four sites on
Turtle Creek, a stream impacted by the construction of Appalachian Corridor G. Diversity and
abundance decreased during the construction of the highway. Repopulation and diversification
occurred quickly within disturbed and newly created reaches of Turtle Creek. Within about one
year, the benthic macroinvertebrate population of the disturbed stream was similar to that of the
control stream. The successful recolonization was attributed, in part, to tributary inflow and
benthic macroinvertebrate drift from unaltered reaches and best management practices such as
bank recontouring and reseeding (Chrisholm and Downs 1978).

Assessing Sedimentation
Quantitative measures of stream sedimentation are useful to monitor and study anthropogenic
impacts on stream biota, and stream sedimentation is measurable with multiple sampling
methods. Evaluation of sedimentation can be made by measuring the concentration of suspended
sediment, or turbidity, and by determining the amount of deposited sediment, or sedimentation
on the streambed (US EPA 1996). Turbidity is a measure of the collective optical properties of a
water sample that cause light to be scattered and absorbed (Bescheta 1996, US EPA 1997).
Suspended sediment is usually the major contributor to turbidity, however other materials are
also contributors, such as plankton and organic detritus. Turbidity is typically measured in
nephelometric turbidity units (NTU), and is done in the field using a nephelometer. Suspended
sediments are measured in parts per million (ppm; mg/L), from grab samples filtered, dried, and
weighed in the laboratory (Beschta 1996, US EPA 1997).
Measurements of deposited sediments are more time consuming and labor intensive than
measurements of suspended sediments. Traditional techniques for characterizing sediment
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composition in streams include core sampling (McNeil and Ahnell 1964; Platts et al. 1989;
Wellman et al. 2000), the shovel method (Grost et al. 1991, Hames et al. 1996), and visual
estimation along transects (Platts et al. 1989; Eaglin and Hubert 1993). The original McNeil
Ahnell core sampler technique was published in 1964. Prior to the creation of this sampling
device, “core sampling” was done using open cylinders (McNeil and Anhell 1964). The
technique involved sinking a stainless steel round sampler about 15.3 cm into the substrate. The
contents of the tube were then removed by hand. Fines were removed with a settling funnel, and
the substrate material was wet sieved into various size classes. The McNeil Anhell sampler has
been modified by various researchers to meet specific needs (Platts et al. 1989, Wesche et al.
1989). Other techniques to evaluate the substrate material have also evolved, including drying
before sieving. Core sampling is effective, but can be labor and equipment intensive, and it is
difficult to insert the sampler to a specified depth in coarse or compacted substrate (Platts et al.
1989).
The shovel method produces lighter samples, which are less costly, and can be taken
more quickly than the McNeil sampler (Grost et al. 1991, Hames et al. 1996). Grost et al. (1991)
compared five paired sediment samples collected from each of five sites using a McNeil sampler,
a shovel, and a single-probe freeze-core. They found no significant difference in sediment
composition between the McNeil sampler and shovel. Hames et al. (1996) compared the
composition of spawning gravel samples collected using three shovel-based methods to samples
collected by the McNeil sampler. The three shovel based methods included a standard number 2
round-point shovel (S1); a standard number 2 round-point shovel with a portable stilling well
(S2); and a modified shovel with side walls. At least 24 paired samples for each McNeil/shovel
combination was collected from two different study sites in southern Puget Sound. The
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percentage of fines did not differ significantly between the McNeil sampler and S2 samples in
Kennedy Creek; the McNeil sampler had a greater percentage of fines than the S1 and S3
methods. For Snookum Creek samples, the percentage of fines did not differ significantly
between any of the shovel-based methods and the McNeil sampler. Sediment is washed off of
the shovels during transport through the water column, and this loss of sediment represents a
sampling bias that increases with water depth and velocity (Hames et al. 1996).
Both the core sampler and shovel method disturb a portion of the streambed during each
use (Berkman and Rabeni 1987, Platts et al. 1989). These methods, used usually for single or
annual measurements of sediment, are not effective for repeated sampling over long time
intervals (e.g., monthly sampling) due to labor intensiveness and cost. To reduce labor and cost,
several techniques for trapping sediment were developed. Wesche et al. (1989) devised a
sediment trapping method using Whitlock-Vibert (W-V) boxes. These polypropylene mesh
boxes are typically used to incubate fish eggs in stream gravels. The authors modified the boxes
by filling them with clean gravel and adding a strip of duct tape to prevent the loss of trapped
sediment through the bottom. The W-V boxes were buried in the substrate. Experiments were
conducted in a laboratory flume and field testing were done on the North Fork of Little Snake
River, Wyoming. The sediment from W-V boxes was compared to core samples taken in the
same stream reach. Whitlock-Vibert boxes were as effective at measuring fine sediment as the
core samples (Wesche et al. 1989). The ability to transport the traps easily to remote locations,
small sample volumes, and decreased analysis times were cited as benefits to the Wesche method
over core sampling.
Lachance and Dube (2004) created another trapping device using two cylindrical
containers with perforated walls. Two cylinders (one inside the other) are placed into the
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streambed with openings aligned. At retrieval, rotation of the inner container closes the device
and prevents loss of fine material. This sampler is cost effective, and avoids the problem of
sediment loss in W-V boxes (Lanchance and Dube 2004).

Effects of Construction on Stream Channels
Natural channels are achieved by allowing a stream to develop a stable dimension,
pattern and profile. In a stable system, the streambed neither aggrades nor degrades, and its
sediment load is consistently transported (Schumm 1977, Allen 1995). Channel instability
occurs when a streambed is degraded by scouring processes, or excessive sediment deposition
leads to aggradation (Rosgen 1996). Wolman (1967) initially categorized stages of stream
channel change in response to urbanization. The first stage is equilibrium and stream channel
stability. As development and construction begin in the second stage, sediment delivery rates
increase leading to channel aggradation. The third stage is an urban landscape with increased
areas of impervious surfaces leading to decreased sediment inputs and channel degradation due
to flashy discharge and low sediment yield (Wolman 1967). Subsequent studies on effects of
urbanization indicate that stream channels respond to early stages of construction by an increase
in sediment influx resulting from erosion of exposed, unvegetated channel banks (Urbana and
Rhoades 2003) and the land surface due to recontouring and leveling (Wohl 2000, Wohl 2006).
Enlargement of the floodplain can occur as excessive sediment material is deposited as
floodplain alluvium (Graf 1975). Response to increased urbanization includes channel widening
(Hammer 1972, Grabel and Harden 2006, Colosimo and Wilcock 2007), channel incision (Booth
1990, Doyle et al. 2000), erosion of unarmored banks, and aggradation of the stream bed (Hess
and Johnson 2001, Grabel and Harden 2006, Colosimo and Wilcock 2007).
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Road crossings such as bridges and culverts can influence stream hydraulics and
sediment transport (Duck 1985, Johnson 2002, Johnson 2006). Bridges can either be single span,
with no pillars in the stream, or multiple span, with one or more pillars in the stream. Pillars in
the stream alter the natural flow regime and cause scouring upstream, and deposition
downstream. Bridges and culverts often restrict flow across the floodplain due to high
embankments or approaches to the bridge or culvert. A stream channel that was straightened and
constricted with steep banks may not allow flow to cross into the floodplain. The importance of
the floodplain is to dissipate the energy of flows exceeding the effective discharge (Ward et al.
2002). If a culvert is present, the water can back up upstream creating localized channel
widening. If the flow is forced to remain in the channel instead of intercepting the floodplain, it
will increase the sheer stress and velocity, resulting in bank erosion and bank failure, and
streambed degradation (Graf 1975, Richardson and Davis 2001, Johnson 2002).
Roads that cross a stream at mid slope and bridge spans built on cut and fill material can
be sources for debris flows (Jones et al. 2000). Debris flows are rapid movements of soil,
sediment, and organic matter down steep stream channels. Heavy rain events can trigger
landslides of the fill material, and if near a stream, can result in a debris flow within a stream
channel. Debris flows can move downstream, encounter a road or culvert, and either continue
movement of fill downstream or deposit it. The major impact of debris flows is movement and
rearrangement of sediment. Debris flows mainly occur during floods and are most severe on
small, steep stream segments (Jones et al. 2000). If the stream can not carry the sediment load, it
may be deposited on the floodplain, creating new areas, and enlarging existing areas by vertical
accretion (Graf 1975).

12

Road construction along stream corridors alters the structure, function, and stability of
stream channels (King and Ball 1965, Albanese and Matlack 1998). The stability of a stream is
associated with a balance between variables such as width, depth, velocity, slope, sediment
volumes and sediment sizes. Changes in a stream’s dimension, pattern, and profile due to
changes in these variables can result in deteriorated water quality (US EPA 1994, Trimble 1997),
reduction in quality and diversity of habitat and negative impacts on the aquatic communities
(Rabeni and Smale 1995; Jones et al. 1999), and land loss through erosion (Hammer 1972,
Rosgen 1996).
Monitoring a stream over time can provide information on the response of a stream to
alteration, such as aggradation, degradation, or lateral erosion. Conducting a longitudinal profile
survey of a stream and establishing permanent cross sections can be used to document changes in
the streambed over time (Harrelson et al. 1994, Rosgen 1996). The longitudinal profile survey is
important for documenting changes in slope of the water surface, the channel bed, floodplain,
and terraces (Harrelson et al. 1994). Cross sections are elevation transects that are surveyed
perpendicular across the stream from bank to bank. Each end of the cross section is
monumented with a stationary feature, such as rebar (Lisle and Eads 1991). They are useful in
documenting changes in streambed elevation and stream bank changes (Lisle and Eads 1991,
Harrelson et al. 1994). Scour chains can also be used to measure the amount of scour of fill
occurring in a streambed over a period of time (Lisle and Eads 1991, Laronne et al. 1994). Scour
chains, i.e., anchored galvanized chains, are placed perpendicular across the streambed, and
locations of the scour chains are surveyed as features in the monumented cross sections. Scour is
measured by counting the number of chain links exposed over time, and fill by determining the
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thickness of the sediment layer deposited on top of the originally exposed links (Lisle and Eads
1991).
Champoux et al. (2003) compared the longitudinal profiles of Lawrence Creek,
Wisconsin over a 30 year period. In 1963, a stream habitat enhancement project was
implemented and included the installation of bank deflectors, boulders, and woody debris.
Longitudinal profiles were surveyed in 1963, just after the work had been completed and then
three years later in 1966. Lawrence Creek was resurveyed in 1999. The habitat in Lawrence
Creek improved significantly in the three years following habitat improvement, however, it
declined in the 30 year period following.
Wolman (1987) monitored the movement of different size sediment particles and the
changes in stream morphology of Baisman Run, Maryland between 1964-1968. Seven
longitudinal profiles were surveyed over the four-year period. Downstream dislocation of gravel
accompanied upstream migration of headcuts. Headcuts were most often formed during high
flows, but the longitudinal profile flattened during a drought year. The surveys showed that
several bars of coarse gravel moved successively as single units (Wolman 1987).
In the 1940s the Soil Conservation Service surveyed 37 cross sections in the Galena
River basin in southwest Wisconsin and northern Illinois, 23 of these were resurveyed in 1979
(Magilligan 1985). Soil conservation practices were implemented in the watershed between the
two time periods. Bankfull channel capacity decreased between the two time periods, indicating
that channel forming flood discharge was greater prior to the 1940s. The wide channels
upstream and narrow channels downstream surveyed in the 1940s became more uniform. This
was an expected adjustment in response to the improved land use practices that reduced sediment
load and variability of flooding (Magilligan 1985).
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During 1999-2000, Colosimo (2002) resurveyed 24 stream cross sections in Gynn Falls
watershed, Baltimore, Maryland. The original cross sectional surveys were conducted between
1985-1987. The sites were divided into urban side tributaries (n=6), rural side tributaries (n=12),
urban mainstream (n=3), and rural mainstream (n=3). Seven of the 24 were considered in the
aggradation stage. The streams had narrowed and cross section areas were decreasing in
response to increased water and sediment discharge. These seven sites had lateral point bars of
deposited sediment. Nine early erosion sites were characterized by the gradual removal of fine
sediments on lateral and point bars between the two surveys. The erosion led to gravel and
cobble exposure at low to middle bar elevations. Five of the sites were termed late erosional and
had increased channel area between the two sampling periods. At three of these the channel
width decreased, however area increased due to channel incision (Colosimo 2002).
Urbana and Rhoades (2003) compared channelized and natural stream reaches within the
Embarrass River in Illinois. Stream cross sections were surveyed in stream reaches before and
after channelization, and before and after a sustained bankfull flow. They found most channel
segments were stable. The greatest influence on the change in channel location throughout the
Embarrass watershed was straightening of the channel, which caused slight net aggradation.
This was attributed to an increase in sediment influx resulting from erosion of exposed,
unvegetated channel banks.
Grabel and Harden (2006) studied the impacts of human induced changes to the channel
of Second Creek, in Knoxville, Tennessee. Changes included deliberate channel realignment,
and channelization of some reaches through culverts and cement lined channels. In a four year
study from 1997 to 2001, they found no upstream-downstream trend of erosion or deposition,
however, cross sections indicated a downstream trend of increasing width and area. Channel
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widening resulting from bank erosion was the dominant accommodation to higher volume peak
flows in Second Creek. Erosion was restricted to unarmored banks, and aggradation most often
occurred in cement culverts and concrete lined channels.
Hammer (1972) found an original increase in sediment followed by increase in discharge,
downcutting and channel widening in an urbanizing watershed in eastern Pennsylvania. In
another study of Pennsylvania streams (Pizzuto et al. 2000), paired urban and rural catchments
did not differ in slope of bed or mean bankfull depth. However, bankfull width was larger for
urban channels. Similar results were found by Hollis and Luckett (1976) in southeast England,
Neller (1988) in New South Wales in Australia, and Henshaw and Booth (2000) in Puget Sound
in Washington.
In summary, this literature review supports Chapters 2 – 6 of this dissertation. This
dissertation documents a variety of methods used to assess the impacts of highway construction
in the Lost River watershed, West Virginia. In Chapter 2, I describe the methods to design a new
sediment sampling device that can be used for repeat measures of sediment without continual
disturbance of the streambed. Chapter 3 provides results from a laboratory flume study that
compares my new sediment sampler design with other methods of measuring stream
sedimentation. I compared my sampler to Whitlock-Vibert boxes (Wesche et al. 1989) and core
samplers (McNeil and Ahnell 1964; Platts et al. 1989).
In Chapter 4, I monitored sedimentation using the in-stream sediment sampler at paired
sites upstream and downstream of highway construction on two tributaries of the Lost River,
Sauerkraut Run and an unnamed tributary. I also monitored changes in the benthic
macroinvertebrate communities using an index of biotic integrity, the West Virginia Stream
Condition Index (U. S. EPA 2000). I chose benthic macroinvertebrates as our biological
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indicator because they are sensitive to environmental changes (degradation and improved stream
health), and provide an indication of long-term changes in water quality and habitat (Johnson et
al. 1993). Chapter 5 documents changes in the stream channel of Sauerkraut Run in response to
highway construction and high flow events. Changes were evaluated using cross section and
longitudinal profile surveys.
In Chapter 6 I assessed the impacts of construction of a segment of Corridor H in the Lost
River watershed by monitoring benthic macroinvertebrate communities and water quality,
before, during, and after highway construction at paired upstream and downstream sites from
1997 through 2007. The variety of methods used in these five chapters allowed better
understanding of how various impacts of highway construction, and environmental variables,
such as high flows, interact to influence the biota and habitat of streams.
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Chapter 2 - A New Sampler Design for Measuring Sedimentation in Streams1

This chapter is written in the style of the North American Journal of Fisheries Management and
is published as –
1

Hedrick, L.B., S.A. Welsh, and J.D. Hedrick. 2005. A new sampler design for measuring
sedimentation in streams. North American Journal of Fisheries Management 25: 238-244.
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Abstract
Sedimentation alters aquatic habitats and negatively affects fish and invertebrate
communities, but is difficult to quantify. To monitor bed load sedimentation, we designed a
sampler with a 10.16-cm PVC coupling and removable sediment trap. We conducted a trial
study of our samplers in riffle and pool habitats upstream and downstream of highway
construction on a first-order Appalachian stream. Sediment samples were collected at three 6week intervals, dried, and separated into 5 size classes with nested sieves (US Standard Sieve
No. 4, 8, 14, and 20). Downstream sediment accumulated in size classes 1, 2, and total amount
accumulated was significantly greater during all three sampling periods (P < 0.05). Size class 3
and class 4 had significantly greater amounts of sediment for the first two sampling periods (P <
0.005) at the downstream site. Differences between upstream and downstream sites narrowed
during the 5-month sampling time period. This likely reflects changes in site conditions
including the addition of more effective sediment control measures after the first six week period
of the study. The sediment sampler design allowed for long-term placement of traps without
continual disturbance of the streambed, and was successful at providing repeat measures of
sediment at paired sites.
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Introduction
Stream sedimentation can occur as a natural process, and is necessary for bank and bar
formation. However, excessive stream sedimentation resulting from anthropogenic land
disturbances, such as gravel mining (Brown et al. 1998), agriculture (Crawford and Lenat 1989;
Dennehy et al. 1998; Wasler and Bart 1999), forestry practices (Beschta 1978; Scrivener and
Brownlee 1989; Eaglin and Hubert 1993), and construction of roads (King and Ball 1965;
Beschta 1978; Platts et al. 1989) can be detrimental. Sedimentation alters community
composition, and decreases survival, population size, and reproductive success of fishes
(Scrivener and Brownlee 1989; Rabeni and Smale 1995; Jones et al. 1999), amphibians (Corn
and Bury 1989; Welsh and Ollivier 1998) and benthic invertebrates (King and Ball 1965; Cline
et al. 1982; Henley et al. 2000). Understanding the effects of land disturbances on aquatic
organisms requires monitoring (often long-term) and measurement of sedimentation. Most
sediment-monitoring approaches, however, are difficult, time consuming and expensive for use
in repeat-sampling designs and long-term studies with frequent measurements of sediment.
Traditional techniques for measuring sediment composition in streams include core
sampling (McNeil and Anhell 1964; Platts et al. 1989; Wellman et al. 2000) and visual
estimation along transects (Platts et al. 1989; Eaglin and Hubert 1993). Core sampling is labor
and equipment intensive, and disturbs a portion of the streambed during each use (Berkman and
Rabeni 1987; Platts et al. 1989). Core sampling is usually used for a single or annual
measurement of sediment, but is not an effective method for repeated sampling over a long time
interval (e.g., monthly sampling) due to labor intensiveness and cost. The Whitlock-Vibert box,
originally designed for incubation of various species of trout eggs, is another method to monitor
sedimentation (Wesche et al. 1989; Garrett and Bennett 1996; and Clarke and Scruton 1997).
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However, these box samplers allow loss of sediment during retrieval from the streambed, and
require disturbance of the streambed during each deployment.
Our objectives were to 1) design an inexpensive sampler that collects multiple sediment
samples over long time periods, 2) to use the new sampler in a trial study to monitor roadconstruction sediments in Sauerkraut Run, a first-order Appalachian stream, and 3) to conduct an
in-stream comparison study of the sampler to Whitlock-Vibert boxes (Wesche et al. 1989).

Sampler Design
Our sediment sampler consisted of two parts, a base and a trap. The base was constructed
from 10.16-cm (4-in) schedule 40 PVC coupling with a height of 9.53 cm (3.75 in). The top half
of the coupling was ground out using a 115-mm x 6-mm x 22.2-mm (4.5-in x 0.25-in x 0.75-in)
metal grinding wheel attached to a 0.33 hp, 1,725 rpm, electric motor. This was done to allow
the trap to slide freely in and out of the base. The trap was constructed by fitting (with silicon) a
10.16-cm (4 in) insert cap onto a 5-cm piece of 10.16-cm (4 in) schedule 40 PVC pipe (Figure
1).
During sampler deployment, the base was embedded in the substrate with the base top
flush with the substrate. Next, the trap, filled with 12 to 25 mm diameter white gravels, was
inserted into the base (Figure 1). White gravels were used because they were inexpensive, and
made the samplers easily identifiable from the surrounding substrate. When retrieved, white
gravels that had been previously placed in the samplers could be removed, allowing us to
determine the amount of larger substrate that had settled in the traps. At subsequent sampling
events, the trap was removed and replaced, but the base remained embedded in the streambed.

30

The two-part design allows users to disturb the streambed only once at the onset of deployment,
and prevents accidental addition or loss of sediment during deployment or retrieval.

Methods
Sauerkraut Run, a tributary of the Lost River located in Hardy County, West Virginia,
was the site of our initial trial test with the sediment samplers. Construction of a four-lane
highway across the stream began in May 2002. Before our study began, a construction crew
placed a culvert and earthen bridge in Sauerkraut Run. The culvert was located approximately
150 m upstream from the confluence of Sauerkraut Run with the Lost River, and 100 m upstream
from a bridge crossing for state route 55. The bankfull width at the upstream site was
approximately 8.2 m, and the stream cross sectional area was 4.4 m2. The bankfull width at the
downstream site was approximately 5.5 m, and the stream cross sectional area was 2.4 m2.
Sauerkraut Run had a slope of 0.02.
We placed 12 sediment samplers 250 m upstream from the construction site, and 12
samplers 70 m downstream from the construction site. There was a limited stream reach
between the construction site and the confluence of Sauerkraut Run with the Lost River (150 m).
Therefore, the samplers were placed 70 m downstream of the site, and upstream of the current
bridge crossing. The upstream site was chosen (250 m upstream from construction) because it
was an undisturbed section of stream with a good riparian zone, and a dirt road paralleling
Sauerkraut Run veered away from the stream at this point. Six samplers were placed in riffle and
six in pool habitat. Samplers were placed randomly wherever excavation to a depth of 10 cm
could be done without removing large cobble and boulder material that would have caused a
substantial disturbance of the streambed. Samplers in the riffle section were placed along the
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thalweg to prevent dewatering during low flows. At the end of three 6-week periods (31 August
2002, 11 October 2002, and 21 December 2002), we removed and replaced sediment traps, and
emptied sediments into watertight containers for processing in the lab (Figure 1). We measured
stream flow (cfs, Marsh-McBirney flow meter), and water depth (mm) at each sampler location.
During one 6-week period Whitlock-Vibert boxes anchored to rebar and filled with gravels
between 12 to 25 mm in diameter were buried adjacent to sediment traps at the upstream
Sauerkraut Run site (for detailed methods see Wesche et al. 1989). The 12 Whitlock-Vibert
boxes were collected along with the sediment samplers.
In the laboratory, we removed white gravels greater than 12 mm in diameter from the
samples. We allowed the remaining sediments to settle and removed clear water. We dried
sediment samples at 75 oC for 36 to 48 h until a constant weight. We sieved each sample (US
Standard Sieve No. 4, 8, 14, and 20) into five size classes (class 1: greater than 4.70 mm; class 2:
2.28 to 4.70 mm; class 3: 1.40 to 2.28 mm; class 4: 0.98 to 1.40 mm; and class 5: less than 0.98
mm). Sediment for each size class was weighed to the nearest 0.0001 g (Sargent-Welch, SWA
200-DR). The five size classes were summed to represent a sixth (total) size class.
We compared the amount of sediment accumulated in samplers placed upstream and
downstream, and the percent of material accumulated in samplers and Whitlock-Vibert boxes.
Analysis of variance (ANOVA) was used to determine significant differences in the amount of
sediment accumulated by site, and gear type (alpha = 0.05).

Results
We collected sediment samples three times throughout the study period. Average stream
discharge at the time of sampler collections in August, October, and December was 0.028, 0.003,
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and 0.15 m3/s, respectively. The average depth of riffle samplers at time of collection for the
three 6-week periods ranged from 45 to 203 mm, and average velocity at depth of samplers
ranged from 0.12 to 0.45 m/s (Table 1). The average depth of pool samplers at time of collection
ranged from 172 to 351 mm, and average velocity at depth of samplers ranged from 0.006 to
0.15 m/s (Table 1).
Of the 36 samples that could be collected per site, 29 samples were used for analysis
from the upstream Sauerkraut Run site, and 24 samples from the downstream site. The
remaining samples were unusable due to local scour or inability to locate the sampler. We
deployed samplers during low stream flow, and localized scour during high flow flushed seven
of the sediment traps. Samples from flushed traps were collected but were not used in analysis.
The study stream experienced high bed load movement, and 12 samplers were buried in
depositional areas. Buried samplers were found at a later date. However, we did not use
samples collected from traps in buried samplers in analysis.
There was a significantly greater amount of material accumulated at the downstream site
during all three sampling periods for size class 1, class 2, and total (P < 0.05; Figure 2). Size
class 3 and class 4 had significantly greater amounts of sediment for the first two sampling
periods (P < 0.005) at the downstream site. However, during the December sampling period, the
difference was not significant between upstream and downstream sites for class 3 (P = 0.06) and
class 4 (P = 0.18). The amount of material accumulated in size class 5 was not significantly
different between upstream and downstream sites during October (P = 0.54) and December (P =
0.06).
Twelve Whitlock-Vibert boxes were collected in October 2002 along with the 12
sediment samples at the upstream site on Sauerkraut Run. The Whitlock-Vibert boxes were

33

larger, and could hold a greater volume of sediment. Therefore we compared the percent of
material accumulated in each size class. Sediment samplers collected in riffles (P = 0.0001) and
pools (P = 0.0055) had a greater mean percentage of material accumulated in size class 1 than
the adjacent Whitlock-Vibert boxes (Figure 3). The percent of material accumulated in class 3
(P = 0.0004) and class 4 (P = 0.0022) was greater in the Whitlock-Vibert boxes in riffles, and
there was no difference in the amount of sediment accumulated in class 2 (P = 0.626) and class 5
(P = 0.462) (Figure 3). The mean percent of material accumulated in class 3 was significantly
greater in the Whitlock-Vibert boxes for pool samples (P = 0.0166), all other size classes were
not significantly different (Figure 3).

Discussion
Our sampling device was designed for long term monitoring of paired sites in streams
impacted by road construction. We found our sediment sampler was effective for this purpose.
This invention allows users to monitor temporal changes in sediment, where the streambed is
disturbed only once during initial deployment, limiting impacts on the study. Core sampling and
the Whitlock-Vibert box methods disturb the streambed when retrieving or replacing samplers.
The base does not require additional anchoring as needed for Whitlock-Vibert boxes
(Wesche et al. 1989). During the three six week periods, no sampler bases were lost, although
some samples collected from traps were unusable for analysis due to localized scouring or
becoming buried. After our initial trial, we added an anchoring device to the base. The
anchoring device eliminated the possibility of pulling both the trap and base out of the
streambed. This could happen if the trap became bound in the base due to small sediment filling
in interstitial spaces between the trap and the base. The anchoring device was added to the base
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by drilling a 34.9 mm (13/8 in) hole through the bottom half of the coupling, and sliding a 25.4
cm piece of 2.54 cm (1 in) PVC through the hole (Figure 1).
We were unable to use 19 samples in analysis because the trap either was flushed, or the
sampler was buried. Given hydrologic variability of headwater streams, researchers should
compensate for expected sample losses through increasing the number of samplers. To increase
recovery of samplers, researchers should photograph sampler locations and flag stream banks
adjacent to samplers. We tied pink flagging to the piece of 10-in PVC pipe inside the base and
let it flow downstream of the sampler (Figure 1). This enabled us to find the samplers when we
returned to the stream after 6-weeks.
Higher sedimentation was expected downstream of construction areas. Data supported
differences between upstream and downstream areas, in part, because of a large effect size
between upstream and downstream sample means. Differences between upstream and
downstream sites narrowed during the 5-month sampling time period (Figure 2). There is
graphically a decreasing trend for amount of sediment accumulated in class 1, class 2, and total
for the downstream site. This likely reflects changes in site conditions during the five-month
period. Effective sediment fencing was not constructed until after the first six-week period, and
probably caused the large effect size between upstream and downstream sediment weights during
the first sampling period. This large effect size allowed inference from relatively small sample
sizes (i.e., three repeated measures on twelve samplers from each site). If these samplers are
used for sedimentation studies without point-sources, or for longer-term studies that include pre-,
during, and post-construction, then detection of tapering effect sizes will require larger sample
sizes.

35

The material accumulated in size class 1 (greater than 4.7 mm) was significantly greater
in the sediment samplers than in Whitlock-Vibert boxes. The largest of the openings on the
Whitlock-Vibert boxes were 3.5 mm x 13 mm, limiting the infiltration of larger sediment into the
box. In contrast, the open design of our sediment sampler allowed all sizes of material to collect
in the trap. The mean percentage of sediment in size class 3 was significantly greater in
Whitlock-Vibert boxes in both pools and riffles, and the mean percentage of sediment in size
class 4 was significantly greater in Whitlock-Vibert boxes in riffles. We physically buried the
Whitlock-Vibert boxes in the streambed, and infiltration of material in these size classes may
have occurred during this process. It is possible that our sampler filled up with larger substrate,
and there was limited space for the addition of smaller substrate. The mesh limitations of the
Whitlock-Vibert box may have allowed the box to capture a higher amount of smaller substrate
(classes 3 and 4), possibly artificially overestimating the amount of small sediments.
The mean percentage of sediment accumulated in the size class less than 0.98 mm did not
differ significantly between the Whitlock-Vibert boxes and our sediment samplers. Wesche et
al. (1989) found that the mean percentage of fine sediment less than 0.85 mm did not differ
significantly between Whitlock-Vibert boxes and McNeil core samples (P < 0.05). Garrett and
Bennett (1996) found similar results in increases of fine sediment less than 0.83 mm between
Whitlock-Vibert boxes and surrounding gravels.
Our initial trial study was limited to a field test of our samplers. There are various
aspects about the sampler design that have not yet been tested. It may be possible that the
installation of a rigid structure in the streambed could create depositional conditions via reduced
intragravel velocities. We attempted to minimize this effect by placing the sampler in a location
where large gravel (close to the size of the sampler) had been excavated. In addition, our
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samplers had no openings “at-depth”. We designed a sampler with “at-depth” openings created
by drilling 6.35 mm holes in a 7 cm deep trap. However, we visually noticed sediment
infiltrating into the trap during deployment, so we chose not to use this design in our trial study.
These aspects of the sampler design need to be further tested in a laboratory setting. Also,
experimental comparisons of our sampler design with the Whitlock-Vibert box and core
sampling methods should be made.

Management Implications
Federal and state environmental regulations require sediment control measures during
land development. To determine impacts from highway construction, however, managers need
long-term sediment data, and a sampler design that quantifies sediment for time periods before,
during, and after construction. Environmental impact studies are particularly needed for the
Appalachian region, where sediment prevention from highway construction is difficult given
mountainous areas, steep slopes, and cut and fill construction. Some sediment from construction
enters streams, despite prevention efforts, such as fencing, hay bales, mulching, and ponds. Our
sampler design is directly applicable to long-term evaluations of sediment prevention methods.
Also, given the link between physical effects of stream sedimentation and biotic impacts (Waters
1995), long-term data collected from our sediment samplers could be used as covariates in
studies linking sediment accumulation and changes in aquatic communities.
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Table 1. Mean water depth (mm) and stream velocity (m/s) at sampler locations in riffle and pool habitats at the time of sediment trap
collections. Values in parentheses are standard deviations.

Riffle sampler depth

Riffle sampler velocity Pool sampler depth

Pool sampler velocity

(mm)

(m/s)

(mm)

(m/s)

45 (17)

0.25 (0.13)

214 (34)

0.006 (0.001)

11 October 2002

99 (23)

0.26 (0.15)

277 (38)

0.02 (0.02)

21 December 2002

203 (46)

0.29 (0.24)

335 (92)

0.15 (0.13)

87 (29)

0.25 (0.06)

172 (40)

0.04 (0.03)

11 October 2002

144 (35)

0.12 (0.12)

225 (49)

0.05 (0.03)

21 December 2002

170 (27)

0.45 (0.20)

351 (37)

0.10 (0.08)

Date
Upstream

31 August 2002

Downstream 31 August 2002
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Figure 1. Original and amended sediment sampler designs and steps in deploying and retrieving
the sampler.

Figure 2. Mean dry weight (g) and standard error bars of sediment accumulated in each size
class during the three six-week periods at sites upstream and downstream from highway
construction. Mean values with different letters are significantly different (P < 0.05).

Figure 3. Mean dry weight (g) and standard error bars of sediment accumulated per size class
(class 1: greater than 4.70 mm; class 2: 2.28 to 4.70 mm; class 3: 1.40 to 2.28 mm; class 4: 0.98
to 1.40 mm; and class 5: less than 0.98 mm) in a six-week period in sediment samplers and
adjacent Whitlock –Vibert boxes. Mean values with different letters within class are
significantly different (P < 0.05). There are no among class comparisons.
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Hedrick et al. Figure 1

Step 1. Construct sampler - original design base
constructed from 10.16-cm union (height = 9.53 cm),
and trap constructed by fitting a 10.16-cm insert cap
onto a 5-cm piece of 10.16-cm pipe.

Step 3. Insert the sediment trap filled with
gravels (12 to 25 mm) into sampler base.

Step 2. Embed the sediment sampler
base within stream substrate and flush
with the streambed.

Step 4. After six weeks, return to sediment
samplers. Using two pair of longnose pliers,
remove sediment trap from base.

Step 4. Place sample in a water tight container
and return to lab for processing.
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Modified sampler base with anchoring device
constructed of a 25.4-cm piece of 2.54-cm
schedule 40 PVC slid through 3.49-cm hole in
bottom half of base.

Hedrick et al. Figure 2
Class 1 (> 4.70 mm)
Downstream
200

Upstream

a

Dry weight (g)

160

a
120

a

80

b

b

b

40
0
Aug-02

Oct-02

Dec-02

Class 2 (2.28 to 4.70 mm)
Downstream
Upstream

80

Dry weight (g)

60

a

a

a
40

b

b

b

20

0
Aug-02

Oct-02

Dec-02

Class 3 (1.40 to 2.28 mm)
Downstream
Upstream

40

a
Dry weight (g)

30

a

a

20

a

b

b

10
0
Aug-02

Oct-02
Sampling Dates
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Dec-02

Hedrick et al. Figure 2
Class 4 (0.98 to 1.40 mm)
Downstream
Upstream

20

Dry weight (g)

15

a

a

a

a

10

b

b

5

0
Aug-02

Oct-02

Dec-02

Downstream

Class 5 (< 0.98 mm)

Upstream
80

a

a
a

Dry weight (g)

60

a

a

b
40

20

0
Aug-02

Oct-02

Total

Dec-02

Downstream
Upstream

350

a
a

Dry weight (g)

300
250

a

200
150

b

b
b

100
50
0
Aug-02

Oct-02
Sampling Dates

45

Dec-02

Riffle Samples

Dry Weight (g)

50
45

b

30
25
20

5
0

a

Sediment Samplers (n = 6)

40
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a

Whitlock-Vibert Boxes (n = 6)

a
a

a
b

a
b

a

class 1

class 2
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Pool Samples
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Dry Weight (g)

a
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a

Sediment Samplers (n = 6)
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a

b

a

a

a

b

a

a

0
class 1

class 2

class 3
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class 4

class 5

Chapter 3 - Evaluation Of A New Sediment Sampling Device1

1

This chapter is written in the style of the Proceedings of the Annual Conference of the
Southeastern Association of Fish and Wildlife Agencies, and is published as –
Hedrick, L. B., S. A. Welsh, J. T. Anderson, and J. D. Hedrick. In press. Evaluation of a new
sediment sampling device. Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies :
-
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Abstract
A two-part sediment sampler (stationary base and removable trap) was designed for a
long-term study of stream sedimentation associated with highway construction. Before the longterm study, a laboratory study in an experimental flume examined efficacies of our sampler and
two other sediment samplers: a modified core sampler and Whitlock-Vibert boxes. Based on the
flume experiment, the efficacy of our sediment sampler was consistent with that of core and
Whitlock-Vibert samplers. The advantage of our two-part sediment sampler design is that it
allows for repeated removal of sediment samples without continual disturbance of the streambed.
Our sampler is designed for long term monitoring of streams impacted by sedimentation and not
for characterization of stream substrate composition.

Key Words: flume experiment, rivers/streams, sediment, sediment traps, Whitlock-Vibert box
Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies : ______________________________________________________________________________
Sediments are one of the most common and geographically-widespread pollutants of
stream systems (Judy et al. 1984; USEPA 1990; Richter et al. 1997). Although sedimentation is
a natural process, stream systems are often negatively affected by anthropogenic sediment inputs
from gravel mining (Brown et al. 1998), agriculture (Crawford and Lenat 1989; Dennehy et al.
1998; Wasler and Bart 1999), forestry practices (Beschta 1978; Scrivener and Brownlee 1989;
Eaglin and Hubert 1993), and construction of roads (King and Ball 1965; Beschta 1978; Platts et
al. 1989). Excessive stream sedimentation from anthropogenic land disturbances alters
community composition, and decreases survival, population size, and reproductive success of
fishes (Scrivener and Brownlee 1989; Rabeni and Smale 1995; Jones et al. 1999), amphibians
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(Corn and Bury 1989; Welsh and Ollivier 1998) and benthic invertebrates (King and Ball 1965;
Cline et al. 1982; Henley et al. 2000). Quantitative measures of stream sedimentation are useful
to monitor and study anthropogenic impacts on stream biota; however, efficacies of sampling
methods are not fully understood.
Stream sedimentation is measurable with multiple sampling methods. Traditional
techniques for characterizing sediment composition in streams include core sampling (McNeil
and Ahnell 1964; Platts et al. 1989; Wellman et al. 2000), the shovel method (Grost et al. 1991;
Hames et al. 1996), and visual estimation along transects (Platts et al. 1989; Eaglin and Hubert
1993). Core sampling disturbs a portion of the streambed during each use (Berkman and Rabeni
1987; Platts et al.1989), and is usually used for single or annual measurements of sediment, as it
is not effective for repeated sampling over long time intervals (e.g., monthly sampling) due to
labor intensiveness and cost. The shovel method costs less than core sampling (Grost et al.
1991), but also results in heavy samples, and disturbs the substrate during each sampling event.
To reduce labor and cost, several techniques for trapping sediment were developed (Wesche et
al. 1989; Lachance and Dube 2004; Hedrick et al. 2005), but relatively few studies have
addressed sampling efficacies among traditional and trap samplers (see Wesche et al. 1989).
We developed a sediment trap sampler with a two-part design, a stationary base and
removable trap (Hedrick et al. 2005). Initially, we ran trial field tests with our sediment sampler
and Whitlock-Vibert (W-V) boxes during a six week period (Hedrick et al. 2005). However, due
to the unique design of our sampler, and the limited scope of the comparison trial, more
information was needed to determine the effectiveness of our sediment sampler, and how it
compares to other methods of sediment trapping. The objective of this study was to use a
laboratory flume to test for differences in the amount of deposited sediment collected in our
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sediment sampler compared to a gear that samples the stream substrate (corer) and one that traps
sediment (W-V boxes).

Methods

Sampler Design
Our sediment sampler consisted of two parts, a base and a trap. The base was constructed
from 10.16-cm (4-in) schedule 40 PVC coupling with a height of 9.53 cm (3.75 in). The top half
of the coupling was ground out to allow the trap to slide freely in and out of the base. The trap
was constructed by fitting a 10.16-cm (4-in) insert cap onto a 5-cm piece of 10.16-cm (4 in)
schedule 40 PVC pipe (Figure 1; for details on sampler design see Hedrick et al. 2005). During
sampler deployment in a stream, the base is embedded in the substrate with the base top flush
with the substrate, and then the trap is then inserted into the base. At subsequent sampling
events, the trap is removed and replaced, but the base remains embedded in the streambed. The
two-part design allows users to disturb the streambed only once at the onset of deployment, and
prevents accidental addition or loss of sediment during deployment or retrieval.

Flume experiments
We ran two experiments (each with three trials) to test differences between the amount of
fine material (sand particles < 0.85 mm in diameter) accumulated in our sediment sampler versus
core samplers (experiment 1), and our sediment sampler versus W-V boxes (experiment 2). The
wooden experimental flume measured 2.4 m x 0.6 m x 0.6 m. For each experiment, the flume
was filled to a depth of 12.7 cm with gravel (Figure 2), and all traps were filled with 12 to 25
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mm diameter gravels. Two water recirculating pumps created flows that averaged 0.51 m per
second (range 0.45 to 0.55 m per second; 1.47 to 1.80 feet per second).
The flume was visually divided into six blocks. For the first experiment, each section
consisted of two rows and each row was assigned a random number. We embedded 18 of our
sediment samplers into the gravel of the flume bed, six rows of three samplers each in the lowest
numbered row of each block.

We added 1.89 liters (two quarts) of fine material at the head of

the flume over the top panel covering the water outflow, and the sand dispersed into the water
column. Once all sand had been added, the pumps were left on for three additional minutes to
allow sufficient flow to transport added material the length of the flume. After three minutes,
pumps were turned off, and we removed the sampler traps, sieved rocks from the contents of the
sampler traps, and placed the remaining sand in watertight containers for further processing. We
collected 12 core samples using a modified core sampler, 10.16 cm in diameter and 15 cm in
length (constructed out of thin walled 10.16-cm (4-in) PVC pipe). Two core samples were taken
in the highest numbered row of each block. The core sampler was placed flush with the bottom
of the flume, creating a seal. Rocks were removed and rinsed, and the remaining water and sand
was siphoned out of the pipe and placed in a watertight container for further processing. After
the sand settled, clear water was removed with a siphon. Samples were dried at 75 oC for 36 to
48 h until a constant weight. We weighed the amount of sand from each sample to the nearest
0.0001 g (Sargent-Welch, SWA 200-DR). After each trial we removed the gravel bed from the
flume, and washed out the sand. Clean gravel was returned to the flume, and sediment sampler
bases were repositioned in the same place as the previous trial. The three trials took place on 9
July, 18 July, and 2 August 2004.
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For the second experiment, we placed 12 sediment samplers and 12 W-V boxes (for
detailed methods see Wesche et al. 1989) side by side in the gravel flume bed. Each of he six
blocks was assigned four slots. Two sediment samplers and two W-V boxes were randomly
assigned a slot in each block. Following methods detailed above, fine material was added to the
flume. At the end of each experiment, we removed traps and W-V boxes from the flume, rinsed
the gravels, and placed the sand from each sampler in a watertight container for further
processing. Drying and weighing of material was the same for the sediment sampler and core
sampler experiment. To begin subsequent experimental trials, we replaced the traps into sampler
bases, and dug the W-V boxes back into the gravel bed in the flume. The trials comparing the
sediment samplers to W-V boxes were conducted on 14, 18 and 23 August 2004.
A randomized complete block (RCB) design with the block effect for experimental trial
was used to compare differences in the mean amount of fine material accumulated within each
type of samples during the three trials (alpha = 0.05). If no block effect was detected then data
from the three experimental trials were combined to determine differences in the amount of
sediment accumulated between gear types within rows. Analysis of variance was used to
compare sediment samplers in each row (n=3 per trial) with the surrounding core samples taken
(n=4 per trial), and to compare sediment samplers and W-V boxes from rows 1 through 6 (n=2 of
each gear type per row per trial).

Results
The RCB design for the three trials comparing the sediment samplers to core samples
indicated no significant block effect for experimental trial (P = 0.79), and no significant
difference between sampling gear type (P = 0.22). The trials comparing sediment samplers to
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W-V boxes indicated the same results, with no significant block effect for experimental trial (P =
0.92) and no difference in the amount of material accumulated by gear type (P = 0.43). As
expected, deposition decreased with distance from the sediment source for all samplers (our
sediment samplers, core samplers, and W-V boxes); hence, large variances resulted from
differences between rows (Figure 3). The amount of fine material did not differ significantly
between our sediment samplers and surrounding core samplers (P > 0.05; Figure 4). For
combined trials comparing sediment samplers to W-V boxes, W-V boxes had a significantly
greater amount of fine material accumulated in row 2 (P = 0.007), however, in all other rows
there were no significant differences (P > 0.05; Figure 4).

Discussion
Our results indicate that our sediment sampling device can be used in place of core
sampling and W-V boxes in studies monitoring fine sediment accumulation. Based on
experimental flume study of fine sediments less than 0.85 mm in diameter, the three methods
were similar in measurements of sedimentation. Wesche et al. (1989) found that accumulation of
fine sediment less than 0.85 mm did not differ significantly between W-V boxes and McNeil
core samples (P < 0.05) in an experimental flume. Garrett and Bennett (1996) also found
intrusion of fine sediment smaller than 0.83 mm to be similar in spawning gravel and W-V boxes
in a study on the North Fork of the Payette River, near McCall, Idaho.
The sediment sampling device was designed for long term monitoring of sites impacted
by highway construction. We plan to take repeated measures of sediment accumulation at paired
sites upstream and downstream from construction and ultimately correlate these with changes in
the benthic macroinvertebrate community. Our design allows users to monitor temporal changes
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in sediment, where the streambed is disturbed only once during initial deployment, limiting
impacts on the study. Core sampling and the W-V box methods disturb the streambed when
retrieving or replacing samplers.
The sampling design does include installation of a rigid structure (without openings “at
depth” or within the portion of the trap embedded in the substrate) into the stream bed. This
does not appear to change the effectiveness of the sampler. We chose not to have openings “at
depth” because during initial testing of various designs we visually noticed sediment infiltrating
into the trap during deployment. Whitlock-Vibert boxes have openings at depth, and we visually
noticed sediment being lost through these openings as the boxes were pulled from the substrate
and through the water column in the experimental flume. Garret and Bennet (1996) found no
significant difference in the amount of fines (< 0.83 mm) collected between W-V boxes wrapped
in plastic screening and surrounding gravels, or between unwrapped W-V boxes and surrounding
gravels. Unwrapped boxes accumulated more fines than wrapped boxes, and the authors
attributed this to a sand seal (sand particles bridging the openings of the mesh and preventing
infiltration of fines). The open top design of our sampler prevents formation of a sand seal.
Our sediment sampling device was designed specifically to monitor impacts from
highway construction on small streams in the Appalachian Region. It is useful for collection of
sediment data in long-term studies, and to quantify sediment for time periods before, during, and
after construction (or other anthropogenic contributors of stream sedimentation). Our design,
with a stationary base and removable trap, minimizes labor necessary to collect a sediment
sample every six weeks. In addition to monitoring sediment intrusion, long-term data from our
sediment samplers will prove useful as covariates in models of sediment accumulation and
changes in aquatic communities.
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Sediment trapping methods are useful in determining the amount of fine material
accumulated over a time period. However, they do not characterize the current substrate, or
document changes in coarser substrate over time. Repeated measures using core samples and the
shovel method would be more beneficial for this use. These methods have been used in studies
assessing the effects of substrate composition in redds on the survival and emergence of fishes,
particularly salmonids (Grost 1991, Platts et al. 1989).
Alterations to the sediment sampler design can be made to adjust for local conditions.
We were using the sampler in small first and second order streams in the Appalachians.
Conditions in these streams did not require us to anchor the devices. Anchors could be added if
samplers were used in streams with higher flows. The open top design does allow infiltration of
multiple sizes of material. If the user was interested in a particular sediment size, screening
could be placed over the top of the sampler. Screening may also prevent scouring of the
samplers during high flow events. In our study area, stream beds have limited interstitial spaces
in the substrate. Sediment deposition most often results from fines being transported across the
surface of the substrate. Therefore, we do not believe that our sampler underestimates sediment
infiltration by not having openings “at depth”. The closed design also prevents addition of
material to the sampler during deployment, and loss of material during retrieval.
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Figure Captions
Figure 1. Original sediment sampler design consisting of a stationary base and removable trap
(for details on manufacturing see Hedrick et al. 2005).

Figure 2. Wooden flume designed for sediment sampler experiments. Water source is located
below the panel. Sediment was added to the panel and water was allowed to wash the sediment
into the flume.

Figure 3. Mean amount of (A) sand accumulated in sediment samplers (n=18) and removed with
core samples (n=12) and (B) sand accumulated in sediment samplers (n=12) and W-V boxes
(n=12) from three trials in an experimental flume. Error bars indicate 95% confidence intervals.

Figure 4. Mean amount of sand accumulated in (A) sediment samplers (n=9) per row and
surrounding core samples (n=12) and (B) sediment samplers (n=6) and W-V boxes (n=6) per
row from three combined trials in an experimental flume. Error bars indicate 95% confidence
intervals.
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Figure 1

Original sediment sampler design :
Base constructed from 10.16-cm
union (height = 9.53 cm)
Trap constructed by fitting a 10.16cm insert cap onto a 5-cm piece of
10.16-cm pipe.
*(design has been modified for in
stream use, see Hedrick et al. 2005)

Schematic of the original
sediment sampler design.
Base is inserted into the stream
bed and remains during length of
experiment
Trap is removable and is replaced
at intervals during the study

Sediment trap filled with
gravels (12 to 25 mm) and
inserted into sampler base
(photo taken at a study site,
Sauerkraut Run, Hardy County,
West Virginia)
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Figure 2
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Chapter 4 - Effects of Highway Construction on Sediment and Benthic
Macroinvertebrates in Two Tributaries of the Lost River, West Virginia 1

1

This chapter written in the style of the Journal of Freshwater Ecology and is published as –

Hedrick, L.B., S. A Welsh, and J. T. Anderson. 2007. Effects of highway construction on
sediment and benthic macroinvertebrates in two tributaries of the Lost River, West Virginia.
Journal of Freshwater Ecology 22:561-569.
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Abstract
During a three-year study of two tributaries being crossed by a four-lane highway under
construction in the eastern panhandle of West Virginia, we found little difference in the amount
of fine sediment collected at upstream and downstream sites. The downstream site on one
tributary collected significantly greater amounts of sediment in 2003, prior to installation of
sediment fencing. Despite several episodic flow events that caused changes in the streambed,
benthic macroinvertebrate metrics did not differ significantly annually or seasonally between
sites or between streams. On-site controls effectively checked new sedimentation, and benthic
macroinvertebrates were not significantly impacted.

Introduction
The Appalachian Development Highway System is a four-lane highway that, upon
completion, will stretch from New York to Mississippi. Construction began in May 2000 on a
161 km long stretch of this highway through four counties in northeastern West Virginia. In
West Virginia alone the highway will cross approximately 25 streams in 11 watersheds.
Although many studies have been conducted on the effects of road construction on
aquatic communities (King and Ball 1965, Barton 1977, Beschta 1978, Chisholm and Downs
1978, Cline et al. 1982, Eaglin and Hubert 1993, King et al. 2000, Wellman et al. 2000), few
have been related to highways built in mountainous areas. Most studies involved assessing
effects of sedimentation or siltation. However, in a review of papers on the subject, Henley et al.
(2000) pointed out that impacts often seem inconsistent. Therefore, our objectives were to
compare sediment accumulated at sites upstream and downstream of the highway construction in
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the mountainous region of West Virginia, and compare the benthic macroinvertebrate
communities upstream and downstream of construction.
The specific study sites were located on two first-order tributaries of the Lost River in
Hardy County, West Virginia ⎯ Sauerkraut Run and an unnamed tributary of the Lost River,
hereafter referred to a “Tributary Stream”. Tributary Stream ran through a culvert beneath a
valley fill that was used to create a suitable place for highway construction. The stream passed
through the culvert, under the highway, and into a sediment pond. The upstream survey site on
Tributary Stream was located approximately 400 m from the construction site, and the
downstream sampling site was located 100 m from the construction area. A highway overpass
bridge was constructed over Sauerkraut Run, and a temporary culvert was placed in the stream to
create an earthen bridge for construction equipment use. The upstream survey site on Sauerkraut
Run was located approximately 250 m from the construction site, and the downstream sampling
site was located 70 m from the construction area.
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Materials and Methods
Sediment sampling
We began monitoring the two streams in July 2002. We collected sediment samples
using the method described by Hedrick et al. (2005) with six sediment samplers at each upstream
and downstream site. Every six weeks from July through December 2002, May through
December 2003, and April through December 2004, we removed and replaced sediment traps.
In the laboratory, sediments were allowed to settle, and clear water was removed with a siphon.
Samples were dried at 75 oC to a constant weight. Each sample was sieved into five size classes
(class 1 = > 4.70 mm; class 2 = > 2.28 to 4.70 mm; class 3 = > 1.40 to 2.28 mm; class 4 = 0.85 to
1.40 mm; and class 5 = < 0.85 mm), which were weighed to the nearest 0.1 mg. “Fines” were
defined as sediment < 2.28 mm in diameter (Kaufmann et al. 1999).
We analyzed the data using a mixed-model methodology for repeated measures and a
meta-analysis approach. The mixed-model methodology is a two-step process. Using the SAS
PROC MIXED procedure and second order adjustment of Akaike’s information criterion (Littell
et al. 1996), we selected the appropriate covariance structure for data of each size class. Site and
time period were included in the mixed model as fixed effects, and repeated measures were taken
on the experimental unit (i.e., sample nested within site). Then the least-square mean of
sediment in each size class from each site (upstream and downstream) and six-week period was
estimated, and analysis of site and time interactions and trends across time was conducted. The
SLICE option was used to test the site effect at each time period (Littell et al. 2002). We
modeled the average flow during a six-week period and the maximum flow during a six-week
period as covariates. Flow data was obtained from a USGS gauge located on a neighboring
tributary of the Lost River.
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The meta-analysis on the sediment data collected from Sauerkraut Run and Tributary
Stream was conducted using SAS PROC MEANS (Arthur et al. 2001). The first step in the
analysis was to convert the results from the multiple observations into a common metric, for
which we selected the effect size, d. The d statistic was calculated as the difference between the
means of the downstream and upstream sites divided by the pooled within-site standard deviation
(Hunter and Schmidt 1990). The d statistic provides a measure of the strength of a treatment or
independent variable (i.e., different sampling locations). A positive d value indicates that the
downstream site had a greater effect on the dependant variable than the upstream site. A
negative d value indicates the reverse, and zero indicates no difference. We removed the
variance attributed to sampling error from the total variance across d and used that value to
calculate the corrected standard deviation. A chi square test for homogeneity was used to test for
the effects of moderator variables.

Benthic macroinvertebrates
We collected benthic macroinvertebrate samples every six weeks using a modified
version of the single habitat protocol described by Barbour et al. (1999). A 500 μ net with a 50 x
30 cm sampling frame was placed in the streambed to collect invertebrates as they were
dislodged from a hand-disturbed 0.25 m2 of riffle area immediately upstream of the net. Large
rocks in this area had their surfaces rubbed into the water flowing into the net, and the substrate
was then disturbed to a maximum depth of four centimeters. We composited four such samples
to obtain a 1 m2 sample for each site. In the laboratory, samples were sub-sampled
symmetrically, and macroinvertebrates were enumerated and identified according to Merritt and
Cummins (1996) and Wiggins (1996).
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We calculated the West Virginia Stream Condition Index (WV-SCI), a multi-metric
index developed specifically for West Virginia wadeable streams (U. S. EPA 2000). The WVSCI includes six normalized metrics using family level data ⎯ EPT (Ephemeroptera, Plecoptera,
Trichoptera) taxa, total taxa, % EPT, % Chironomidae, % of the top two dominant taxa, and HBI
(Hilsenhoff Family Biotic Index). The normalized metric scores range from 0 to 100 and are
categorized as > 78 - 100 = very good; > 68 - 78 = good; > 45 - 68 = fair; > 22 - 45 = poor; and 0
- 22 = very poor.
Benthic data were combined for each site by season, and analysis of variance (ANOVA)
was used to determine significant differences (α = 0.05) in WV-SCI scores between paired sites.
The Shapiro-Wilks test for normality was used on data sets from sites to determine univariate
normality. Linear regression was used to compare WV-SCI scores to the mean percent of
sediment collected in each size class. A meta-analysis was also conducted on the benthic
macroinvertebrate data.

Results and Discussion
Sauerkraut Run sediment samples
Appropriate covariance structure was autoregressive, and repeated measures analyses
indicated significant (p < 0.05) site x time interaction for sediment in all size classes except size
class 2. The average total amount of sediment collected upstream ranged from 39.4 to 214.7
grams; downstream ranged from 116.4 to 340.2 grams (Fig. 1). There was a significant (p <
0.05) linear effect for sediment collected at the downstream site; however, trends did not apply to
the upstream site, and the percentage of sediment collected per size class was consistent over
time. In general, more sediment was collected at the downstream site, but there was little
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difference between the two sites in terms of percent composition of that sediment. Sediment
fencing downstream was not constructed until October 2002 and resulted in significantly greater
amounts of sediment collected downstream prior to this date.
Only eleven of the surveys of Sauerkraut Run were used in the meta-analysis because no
samplers were recovered from the downstream site in December 2003. There was a large
difference (d = 0.81) in the total amount of sediment collected upstream and downstream, with
the downstream site collecting more sediment (in grams) overall (Table 1). There was a
moderate difference (0.20 < d < 0.50) in the percent of sediment collected in size classes 1, 5,
and fines between the two sites. The chi-square values for percent sediment in size classes 3 and
4 were significant, indicating that a moderator variable could be present. Subsequently, metaanalysis with the inclusion of year as a moderator variable demonstrated that for both of these
size classes the upstream site had more sediment collected in 2002 and 2003 than did the
downstream site. However, in 2004, there was more sediment in these size classes at the
downstream site.
Although we did not find average flow and maximum flow over a six-week period to be
covariates, episodic flow events did affect the streambed and sediment collected. High flows
during November 2002 created a scouring event downstream of the construction area, changing
the morphology of the streambed at the downstream site. The total amount of sediment and
percentages in each size class were very similar between sites the period of December 2002, and
this was most likely due to movement and flushing of sediment by the higher flow in November.
High spring flows in 2004 caused aggregation and destabilization of a gravel levee upstream of
the downstream sampling site. Continual scouring of this stream reach and transport of the
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sediment downstream caused increases in the percent of sediment in classes 3 and 4 throughout
the 2004 sampling season.

Tributary Stream sediment samples
Appropriate covariance structure was autoregressive, and repeated measures analyses
indicated significant (p < 0.05) site x time interaction for sediment in all size classes except size
class 1. The average total amount of sediment collected upstream ranged from 44.0 to 228.1
grams; downstream ranged from 28.1 to 246.8 grams (Fig. 1). There were no significant linear
or quadratic effects at either site. The downstream site collected a greater amount of total
sediment and a higher percentage of sediment in class 1. Eleven of the surveys of the Tributary
Stream were used in the meta-analysis because no samplers were recovered from the upstream
site in February 2003 or from the downstream site in December 2003 (Table 1). There was a
moderate difference (0.20< d < 0.50) between the upstream and downstream sites in the
percentage of sediment in size classes 1 and 5 and the total amount collected, with the
downstream site having greater values. There was a large difference (d > 0.80) in the percent
collected in size classes 3 and 4, and a small difference (d < 0.20) in the percent collected for
fines. The upstream site collected more in all of these size classes. The chi-square values were
not significant for any of the size classes; thus there were no moderator variables involved.
Several episodic events contributed to the significant differences between upstream and
downstream sites. When a severe rain event occurred in August 2003, freshly scraped road
material from unrelated roadwork on an adjacent state road buried the samplers at the
downstream site. Thus samplers were not collected in August 2003. Low summer flows
affected the 2004 samples. The upstream reach of Tributary Stream was an intermittent channel,
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and lack of flow and flushing of sediment may have resulted in the higher percentages of size
classes 3 and 4 upstream during the 2004 sampling season.

Benthic Macroinvertebrates
A total of 12 benthic macroinvertebrate samples was collected from sites on Sauerkraut
Run, and 14 samples were collected from sites on Tributary Stream. Analyses were conducted
on both seasonal and annual sample means. Samples were designated as spring and fall for
seasonal analyses. Because the summer of 2003 was a period when the upstream site of
Tributary Stream was dry, summer comparison with the downstream site was not possible.
The WV-SCI index was not significantly different (p < 0.5) annually or seasonally
between upstream and downstream sites on Sauerkraut Run or Tributary Stream. Samples
collected downstream on Sauerkraut Run and downstream and upstream on Tributary Stream
ranged from fair (> 45 to 68) to very good (> 78 to 100). Samples collected upstream on
Sauerkraut Run ranged from good (> 68 to 78) to very good (Table 2). There were no seasonal
differences between streams. Annually there was only a difference between upstream sites
during 2003, but the 2003 data included summer samples and the upstream site on Tributary
Stream had very low flow and was dry during several sampling events.
Benthic macroinvertebrate WV-SCI was positively related to increasing percentages of
class 5 sediment (r2 = 0.635) and fines (r2 = 0.505) at the downstream sites. The WV-SCI score
was negatively related to the total amount of sediment collected (r2 = 0.448).
Four seasons of benthic macroinvertebrate data were used in the meta-analysis ⎯ fall
2002, spring 2003, fall 2003, and spring 2004. There was a moderate difference (0.20< d < 0.50)
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in WV-SCI scores between upstream and downstream sites, with upstream having higher scores
(Table 2). Upstream sites had more sensitive taxa.
In general, highway construction had little impact on the benthic macroinvertebrate
populations in Sauerkraut Run and Tributary Stream. Annually and seasonally, there was little
difference in the WV-SCI metric scores between upstream and downstream sites. Because only
one composite benthic macroinvertebrate sample was collected at each site on each date, there
was no variance by date. However, individual samples provided some insight into relations
between benthic macroinvertebrate metrics and sediment deposition.
The WV-SCI scores from samples collected downstream in Sauerkraut Run in July and
October 2002 indicated benthic macroinvertebrate communities in “fair” biotic condition. These
samples were collected prior to sediment fencing at the construction site and during a time period
when sediment percentages in class 1 and total sediment were significantly greater at the
downstream site. Sauerkraut Run was frozen over in March 2003. The low WV- SCI scores in
April 2003 were most likely due to scouring of the streambed during a high spring runoff flow
event following ice melt. The other downstream WV-SCI score below the “good” category was
in December 2003 when there was an episode of high flow due to unusually heavy rainfall.
Approximately two feet of bed material were removed, and the wetted width increased from 1.98
m to 4.27 m.
The upstream site on Tributary Stream was intermittent, and there were four sampling
events where benthic macroinvertebrate samples could not be collected due to extremely low
flow. A poor WV-SCI value in February 2002 was due to limited flow and ice on the stream.
Fair scores in July and September 2003 were related to aggradation of the streambed when
gravel and sediment from a nearby existing state road washed into the stream.
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During the three-year study, benthic macroinvertebrate communities remained in good
biotic condition. When an event occurred that affected the communities, recovery was evident
within a short period of time. Our findings were consistent with other studies concerning the
impacts of road construction and sediment on benthic macroinvertebrates. Cline et al. (1982)
evaluated the response of a high elevation Rocky Mountain stream to highway construction over
a three-year period. They found that suspended solids and sediment increased at the impacted
study sites during construction, but assessment values at impacted sites approached reference site
levels within two weeks after construction ended. Although the density of benthic
macroinvertebrates at impacted sites was lower than reference sites during and immediately
following construction, within one year after construction ended, values were comparable to
reference sites.
Chisholm and Downs (1978) monitored benthic macroinvertebrates at four sites on Turtle
Creek, a stream impacted by the construction of another stretch of highway in West Virginia.
Diversity and abundance decreased during the construction of the highway; however,
repopulation and diversification of disturbed and newly created reaches of Turtle Creek occurred
quickly. Within about one year the disturbed stream had a benthic macroinvertebrate community
similar to that in the control stream.
We found that complete removal of the streambed such as the degradation in December
2003 did not have a long term effect on the benthic macroinvertebrate community. Barton
(1977) found similar results in a study concerning highway construction across Halon Creek, a
small stream in Ontario. At one monitoring site the streambed was completely removed during
culvert construction. After completion, the riffles were replaced, and within a year species
composition and abundance were similar to pre-construction.
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We did not find a strong linear relationship between benthic macroinvertebrate metrics
and percentages of sediment. We hypothesized that an increase in fine sediment would cause a
decline in benthic macroinvertebrate density and sensitive taxa. However, there was actually a
positive relationship between finer classes of sediment and the WV-SCI score (Table 3). We did
find a negative relationship between the percentage of sediment in size class 1 and the total
amount of sediment and the WV-SCI score. These results were contrary to other studies that
found a change in community composition and a decrease in sensitive taxa (Barton 1977, Kaller
and Hartman 2004). In Halon Creek, sediment deposition increased following culvert
construction during a stream rechannelization phase, the majority of the sediment influx was
related to sandy material used for backfill around the construction site, and there was a decrease
of ephemeropterans and an increase in dipterans (Barton 1977). Kaller and Hartman (2004)
found a decrease in EPT taxa richness in Appalachian streams where fine substrate particles
(<0.25 mm) exceeded 0.8-0.9% of riffle substrate composition. However, our study did not
evaluate classes of sediment any smaller than < 0.85 mm. Further analysis of smaller classes
may have indicated different relationships between the benthic macroinvertebrate community
and fine sediment.
Highway construction impacts were lessened by the use of construction erosion controls
at the sites we monitored. Although greater total amounts of sediment were documented at the
downstream reaches, these were not harmful to the benthic macroinvertebrate communities in the
long term. Successful recolonization and recruitment of the benthic macroinvertebrates from
unaffected stream reaches were most likely the reasons for the continued high WV-SCI scores at
the downstream sites. Chisholm and Downs (1978) attributed the successful recovery of Turtle
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Creek to tributary inflow and benthic macroinvertebrate drift from unaltered reaches as well as
good management practices such as bank recontouring and reseeding.
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Table 1. Results of the meta-analysis of Sauerkraut Run and Tributary Stream, Lost River, West
Virginia. A positive d value indicates that the downstream site collected a higher
percentage of sediment. A * indicates significant chi-square values at p= 0.05.

Sauerkraut Run
Sediment
Size Class
% Size 1 (> 4.70 mm)
% Size 2 (>2.28 to 4.7 mm)
% Size 3 (>1.40 to 2.28 mm)
% Size 4 (0.85 to 1.40 mm)
% Size 5 (< 0.85 mm)
% Fines (< 2.28 mm)
Total (g)

Mean d
0.49
-0.13
-0.16
-0.12
-0.45
-0.46
0.81

Chi square
10.53
13.28
28.54*
23.71*
13.34
9.92
12.26
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Tributary Stream
Mean d
0.51
-0.50
-1.10
-0.95
0.36
-0.11
0.47

Chi square
8.97
16.14
7.61
13.28
17.15
16.65
13.12

Table 2. Mean seasonal West Virginia Stream Condition Index (WV-SCI) for benthic
macroinvertebrates at upstream and downstream sites in Sauerkraut Run and Tributary
Stream, Lost River, West Virginia.

Location
Sampling period
Downstream
Fall 2002
Spring 2003
Fall 2003
Spring 2004
Upstream
Fall 2002
Spring 2003
Fall 2003
Spring 2004

Sauerkraut Run
WV-SCI
SE

Tributary Stream
WV-SCI
SE

62.73
79.19
82.83
71.22

7.29
3.30
0.83
4.42

60.10
70.44
49.30
76.95

0.54
0.04
2.77
4.49

71.97
79.64
87.79
77.83

6.33
4.27
4.85
6.33

59.35
70.97
56.18
72.66

7.37
1.41
0.00
4.30
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Table 3. Regression coefficients associated with linear regression analysis of benthic
macroinvertebrate WV-SCI scores and sediment data from Sauerkraut Run and Tributary
Stream, Lost River, West Virginia.

Sediment
size class
% Size 1
% Size 2
% Size 3
% Size 4
% Size 5
% Fines
Total (g)

Sauerkraut Run
Downstream
Upstream
0.340
0.166
0.004
0.132
0.635
0.505
0.448

0.033
0.022
0.085
0.054
0.007
0.003
0.050
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Tributary Stream
Downstream
Upstream
0.071
0.150
0.056
0.001
0.202
0.001
0.008

0.006
0.554
0.012
0.045
0.127
0.055
0.001

Figure 1. The percent of fine sediment and total amount of sediment collected at upstream and
downstream sites on Sauerkraut Run and Tributary Stream. Vertical bars indicate plus
and minus one standard error; a * indicates significant difference between sites (p <
0.05).
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Chapter 5 - Influences of High Flow Events on a Stream Channel Altered by
Construction of a Highway Bridge – A Case Study1

1

This chapter is formatted in the style of the Annals of the Association of American Geographers
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Abstract
Impacts of highway construction on streams in the central Appalachians are a growing
concern as new roads are created to promote tourism and economic development in the area.
Alterations to the streambed of a first order stream, Sauerkraut Run, Hardy County, West
Virginia (USA) during construction of a highway overpass included placement and removal of a
temporary culvert, straightening and regrading of a section of stream channel, and armorment of
a bank with a gravel berm. We surveyed longitudinal profiles and cross sections in a reference
reach and the altered reach of Sauerkraut Run from 2003 through 2007 to measure changes in the
streambed. During the four-year period, three high flow events changed the streambed
downstream of construction including channel widening and aggradation and then degradation of
the streambed. Upstream of construction, at the gravel berm, bank erosion was documented.
The reference section remained relatively unchanged. Knowledge gained by documenting
channel changes in response to natural and anthropogenic variables can be useful for managers
and engineers involved in highway construction projects.

Key words: Highway construction; longitudinal profile; stream channel alteration
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Introduction
Natural channels are achieved by allowing a stream to develop a stable dimension,
pattern and profile. In a stable system, the streambed neither aggrades nor degrades, and its
sediment load is consistently transported (Schumm 1977, Allen 1995). Channel instability
occurs when a streambed is degraded by scouring processes, or excessive sediment deposition
leads to aggradation (Rosgen 1996). Wolman (1967) initially categorized stages of stream
channel change in response to urbanization. The first stage is equilbrium and stream channel
stability. As development and construction begin in the second stage, sediment delivery rates
increase leading to channel aggradation. The third stage is an urban landscape with increased
areas of impervious surfaces leading to decreased sediment inputs and channel degradation due
to flashy discharg and low sediment yield (Wolman 1967). Subsequent studies on effects of
urbanization indicate that stream channels respond to early stages of construction by an increase
in sediment influx resulting from erosion of exposed, unvegetated channel banks (Urban and
Rhoades 2003) and the land surface due to recontouring and leveling (Wohl 2000). Enlargement
of the floodplain can occur as sediment material that the stream can not carry is deposited as
floodplain alluvium (Graf 1975). Response to increased urbanization includes channel widening
(Hammer 1972, Grabel and Harden 2006, Colosimo and Wilcock 2007), channel incision (Booth
1990, Doyle et al. 2000), erosion of unarmored banks, and aggradation of the streambed (Hess
and Johnson 2001, Grabel and Harden 2006, Colosimo and Wilcock 2007).
Road construction along stream corridors alters the structure, function, and stability of
stream channels (King and Ball 1965, Albanese and Matlack 1998). Road crossings such as
bridges and culverts can influence stream hydraulics and sediment transport (Duck 1985,
Johnson 2002, Johnson 2006). Bridges can either be single span, with no pillars in the stream, or
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multiple span, with one or more pillars in the stream. Pillars in the stream alter the natural flow
regime and cause scouring upstream, and deposition downstream. Bridges and culverts often
restrict flow across the floodplain due to high embankments or approaches to the bridge or
culvert. A stream channel that was straightened and constricted with steep banks may not allow
flow to cross into the floodplain. The importance of the floodplain is to dissipate the energy of
flows exceeding the effective discharge (Ward et al. 2002). If a culvert is present, the water can
back up upstream creating localized channel widening. If the flow is forced to remain in the
channel instead of intercepting the floodplain, it will increase the sheer stress and velocity,
resulting in bank erosion and bank failure, and streambed degradation (Graf 1975, Richardson
and Davis 2001, Johnson 2002). Roads that cross a stream at mid slope and bridge spans built on
cut and fill material can be sources for debris flows. Debris flows are rapid movements of soil,
sediment, and organic matter down steep stream channels. Heavy rain events can trigger
landslides of the fill material, and if near a stream, can result in a debris flow. Debris flows can
move downstream, encounter a road or culvert, and either continue movement of fill downstream
or deposit it. The major impact of debris flows is movement and rearrangement of sediment.
Debris flows mainly occur during floods and are most severe on small, steep stream segments
(Jones et al. 2000). If the stream can not carry the sediment load, it may be deposited on the
floodplain, creating new areas, and enlarging current areas by vertical accretion (Graf 1975).
The stability of a stream is associated with a balance between variables such as width,
depth, velocity, slope, sediment volumes and sediment sizes. Changes in a streams dimension,
pattern, and profile due to changes in these variables can result in deteriorated water quality (US
EPA 1994, Trimble 1997), reduction in quality and diversity of habitat and negative impacts on
the aquatic communities (Rabeni and Smale 1995; Jones et al. 1999), and land loss through
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erosion (Hammer 1972, Rosgen 1996). Monitoring a stream over time can be used to determine
if the stream is aggrading, degrading, or laterally eroding, and can provide information on the
response of a stream to alteration. This article presents a case study of a first order stream that
was altered by channelization, placement and then removal of a culvert, and creation of a gravel
berm in association with construction of a highway overpass. During construction of a highway
overpass across the stream, four periods of high flows were documented. We present data
collected from a reference reach upstream of construction, and an altered reach within and
downstream of the construction. Response of the streambed to construction activity and high
flow events was documented.

Site Description
Sauerkraut Run, a tributary to the Lost River, is located in the eastern panhandle of West
Virginia (Figure 1). This first order stream is paralleled by a rural road and is culverted in
several locations. Sauerkraut Road was included into the state highway system by legislative
action in the 1930s. Prior to that, it was maintained by the county as a dirt and gravel road. In
1999, it was surface treated with asphalt, and the downstream most section was channelized.
Construction over Sauerkraut Run began in April 2002, and a temporary culvert was
placed across the stream for heavy machinery and construction crews. Streamside vegetation
was cleared along a 100 m stretch within the construction zone, and a gravel berm was created to
direct the stream flow through this channelized reach.
During this study, Sauerkraut Run experienced four high flow events. Flow was obtained
from a USGS gauge located on Waites Run, a neighboring tributary of the Lost River. There
was a high correlation (r2 = 0.98) between flow data collected on site and data obtained from the
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USGS gauge. High flows during November 2002 created a scouring event downstream of the
culvert, changing the morphology of the streambed. The eastern panhandle of West Virginia
received 7.5 to 10 cm of total precipitation between September 19 and 21, 2003 (Southeast
Regional Climate Center, www.sercc.com) as a result of Hurricane Isabel’s influence, and in
December 2003, a third period of high flow was recorded. During the first week of September
2004, heavy rains and high flows resulting from the effects of Hurricane Frances caused
Sauerkraut Run to reach flood stage. The stream washed out many of the state crossings, and ran
over the road in several places. The West Virginia Division of Highways repaired the road and
stabilized culverts during the week of September 6-10, 2004. They also removed the temporary
culvert.

Methods
We surveyed a longitudinal profile of Sauerkraut Run during July 2004, October 2004,
November 2005, and March 2007. The survey covered 670 m of stream length, beginning one
channel unit upstream from the most upstream cross section, at the head of a pool, and
continuing to the State Route 55 bridge located downstream from highway construction. The
longitudinal profile consisted of a reference reach (approximately 330 m) and an altered reach
(approximately 337 m; Figure 2). We surveyed the longitudinal profile with an engineering level
and survey (stadia) rod, and established permanent bench marks where necessary along the
stream to enable the surveyor to view the rod throughout the length of the profile. At the
beginning of each channel unit (head of riffle, head of run, head of pool), features including left
bank full, left edge of water, thalweg, water surface, right edge of water, and right bank full,
were surveyed.
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We established four cross sections on Sauerkraut Run, two in each of the reaches: a
reference reach upstream of construction, and an altered reach downstream of construction.
Reference Reach 1 cross section was located upstream from a permanent culvert on Sauerkraut
Run; Reference Reach 2 cross section was located at an upstream site with unaltered banks of
native vegetation; Altered Reach 1 cross section was located upstream from the site of a
temporary culvert (removed in September 2004) at a reinforced gravel stream bank; and
Reference Reach 2 cross section was located downstream from the temporary culvert. We
originally surveyed cross sections in 2003, and resurveyed them in 2004, 2005, and 2007. We
took distance and elevation readings at 0.305 m intervals, at obvious breaks in the slope, and at
major features associated with the stream, including bankfull, edge of water, thalweg, and any
bar formations. At each monumented cross section, a permanent bench mark (a piece of 1.25 cm
diameter rebar driven into the ground) was established on a stable site above the bank full
channel, and elevations were referenced to the local benchmark.
Changes over time in cross sections determine vertical stability of the streambed, and
differences over time in the longitudinal profile document changes in stream length, gradient,
riffle frequency, and maximum pool depth. We determined the change in cross sectional area
(ΔA) as scour or degradation (a negative value) or as fill or aggradation (a positive value). We
also used four indices described by Olson-Rutz and Marlow (1992) to assess changes in stream
cross sections: net percent change in area, absolute percent change in area, width/depth ratio, and
Gini coefficient.
Net percent change in area (ΔA%) quantifies the net change in cross-sectional area of a
transect. It can be a positive or negative value depending on whether the channel is experiencing
aggradation and degradation. However, if erosion in one part of the channel equals the amount
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of deposition in another, the value could approach zero, indicating little change in the stream
channel. The absolute percent change in area (|ΔA%|) quantifies cumulative channel change
((|ΔA%|) = erosion + deposition), and represents the total amount of streambed material
movement between two surveying date. The width/depth ratio (w/d) is a relative index of
channel shape. Width is the total distance across the channel and depth is the mean depth of the
channel. Channels with high w/d ratios tend to be shallow and wide, and those with low w/d
ratios tend to be narrow and deep. The Gini coefficient (G) describes changes to channel crosssectional shape. The direction and magnitude of change in the Gini coefficient over time
describes whether a channel is becoming wider and shallower or narrower and deeper in
response to management or natural events. Wide flat channels have low G values, and deep
narrow channels have G values near 1. When the Gini coefficient is calculated from pre- and
post-treatment scenarios, the difference (diff) in G (Gdiff = Gpost - Gpre) describes the direction
of channel change. Positive differences indicate the channel is becoming deeper and narrower.
Negative differences indicate the channel is becoming shallower and wider (Olson-Rutz and
Marlow 1992).
Measurements must be taken at identical points along the transect to compare different
dates. Data collected were aligned at 0.305 m intervals, and any points missing were
extrapolated using distance and depth from closest known points on either side. Data may have
become misaligned in the field when important features, such as gravel bars, were surveyed in at
smaller increments than 0.305 m.
Stream cross section measurement dates were given a designation of Post High Flow or
Normal Flow. Post high flow designation meant that a high flow event occurred during the time
period between the two sampling events, otherwise a designation of normal flow was used. Flow
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data were obtained from a USGS gauge located on Waites Run, a neighboring tributary of the
Lost River. We compared stream cross sectional area, and other indices (ΔA% and |ΔA%|) for
Post High Flow and Normal Flow cross sections at reference and altered locations using analysis
of variance (ANOVA).
At three of the cross sections (reference, upstream, and downstream) three metal-link
scour chains were established across the stream (Lisle and Eads 1991; Laronne et al. 1994). The
chains were installed vertically in the streambed: a duckbill anchor attached to a 0.6-m long
section of galvanized chain was driven into the streambed with a drive rod. We removed extra
exposed chain with a pair of metal cutters so that only two links remain exposed. One scour
chain was placed near the right edge, one near the center of the stream, and one near the left edge
of the stream. Locations of the scour chains were surveyed in as features in the monumented
cross sections. Scour was monitored by counting the number of chain links exposed after a highflow event. We measured fill by determining the thickness of the sediment layer deposited on
top of the originally exposed links. Scour chains also can be used to detect scour-before-fill.
When a streambed is first scoured it will expose some links that will lie horizontally. If the
streambed is then subjected to sediment deposition, those links will be buried.

Results
Longitudinal Profile
Within the 330 m reference reach there was a braided section approximately 61 m in
length and located at 223 m. This section had three channels: a right, left, and mid channel.
During the first two surveys in August and September 2004, most water flowed down the middle
channel. In November 2005 most of the flow was down the channel on river right. The reaches
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upstream and downstream of the braided channel had degraded approximately 0.1 to 0.3 m and
the middle channel was closed due to a debris jam. The channel on river right was
approximately 0.3 to 0.6 m lower in elevation than the middle channel. In March 2007 we
surveyed the center channel again. A gravel bar and snag pile had closed off the right channel,
and most of the stream flow was traveling down the center channel. The length of the middle
channel was classified as a long riffle in August 2004. When it was surveyed again in September
2004, we noted several small pools. In 2007 the middle channel was again classified as one
continuous riffle and the channel thalweg had aggraded approximately 0.6 m (Figure 2).
The altered reach of Sauerkraut Run from the gravel berm downstream to the State Route
55 bridge (330 to 677 m) went through several changes during the 4 years of the study (Figure
2). The culvert was removed in September 2004. Upstream of the culvert was a long straight
channelized riffle section. Once the culvert was removed, the riffle section upstream remained at
the same elevation, however, downstream the thalweg aggraded (Figure 2), as a result of artifical
regrading of the stream channel with removal of the culvert. The scour pool located below the
culvert was filled. Our survey in November 2005 indicated that the long riffle section was
forming several small pools, and the entire altered reach degraded between 0.3 to 0.6 meters. A
small pool was formed at the bed in the stream below the removed culvert. More degradation
(about 0.3 m) occurred upstream of the previous culvert between 2005 and 2007, and a deep pool
was scoured out at the bend downstream of the removed culvert similar to the pool surveyed in
July 2004.
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Cross sectional surveys
Three cross sectional surveys were taken at Reference Reach 1 and Altered Reach 1, and
five were taken at Reference Reach 2 and Altered Reach 2. Two survey periods were designated
as high flow: the period between October 18, 2003 and February 22, 2004 and the period
between June 11, 2004 and September 26, 2004. The discharge on Waites Run was 4.90 m3 per
second on December 11, 2003. The average for December 2003 was 1.03 m3 per second.
Discharge on Waites Run was 7.05 m3 per second on September 9, 2004, 2.89 m3 per second on
September 9, 2004 and 4.16 on September 18, 2004. Average for September 2004 was 1.12 m3
per second. Reference 2 and Altered 2 were measured on February 22, 2004 and all cross
sections were surveyed on September 26, 2004. Data from cross section measurements were
separated into four categories: Reference Normal Flow (n = 5), Reference Post High Flow (n =
3), Altered Normal Flow (n = 5), and Altered Post High Flow (n = 3).
There was little change in cross sectional area post high flow events at Reference Reach 1
and 2 (Figure 3), slight aggradation took place. There was little to no change in w/d or in
channel shape (Gdiff). Cross section surveys taken post high flow in the altered reach indicated
more cross sectional area change. Altered Reach 1 had a moderate amount of net percent change
(ΔA%); however, the absolute amount of aggradation and degradation was greatest at this site
(Figure 4). Altered Reach 2 experienced degradation during each high flow event (Figure 4).
Despite changes in area, w/d and channel form (G) did not change a lot over time. Reference
Reach 1 and Altered Reach 1 were characterized by deeper, narrow channels and higher G
coefficients. Reference Reach 2 and Altered Reach 2 were more shallow and wide (Figure 3 and
4). The Altered Post High Flow cross sections had a significantly greater change in area, ΔA%|
and |ΔA%| (Table 1), all other treatments were similar regardless of flow events.
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Scour Chains
Scour chain were only relocated at the reference cross section in September 2004. Of the
three chains placed across the stream, only two were located. The chains were buried under 1
cm of gravel. However, when uncovered, three links were exposed indicating scour before
deposition. The third had been buried under a gravel bar, and could not be found. Scour chains
at other cross sections have been buried by gravel bars, or in the case of the downstream cross
section, were located under very large boulder substrate. We attempted to find scour chains that
had been buried under gravel bars with a metal detector, and were unsuccessful. We did not
attempt to relocate scour chains again after September 2004.

Discussion
We did not begin morphological surveys of Sauerkraut Run until October 2003.
However, monitoring of sedimentation of the stream took place between July 2002 and
December 2004 (Hedrick et al. 2007). Removal of streamside vegetation and re-grading of the
mountain slopes to create the overpass increased runoff into Sauerkraut Run during beginning
stages of construction. The downstream site accumulated significantly greater amounts of
sediment in 2003, prior to installation of sediment fencing (Hedrick et al. 2007). Although
measurements were not taken, changes to the streambed downstream of the culvert were photo
documented in 2002 and 2003. The streambed was dominated by cobble and boulder substrate
in spring 2002. A high flow event in November 2002 moved the large alluvial material and
degraded the streambed (Figure 5). In September 2003, heavy rain related to effects of a
hurricane created a high flow event that aggraded the streambed and deposited a gravel bar on
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river right (Figure 5). This gravel bar was surveyed in the first cross section conducted in
October 2003.
Channel aggradation is a common scenario in early stages of road construction and
urbanization (Hammer 1972, Graf 1975, Gregory et al. 1992). Urban and Rhoades (2003)
compared channelized to natural stream reaches of the Embarrass River in Illinois. Stream cross
sections were surveyed in stream reaches before and after channelization, and before and after a
sustained bankfull flow. They found most channel segments were stable. The greatest influence
on the change in channel location throughout the Embarrass watershed was straightening of the
channel, and main channel response was characterized by slight net aggradation. This was
attributed to an increase in sediment influx resulting from erosion of exposed, unvegetated
channel banks. Grabel and Harden (2006) studied the impacts of human induced changes to the
channel of Second Creek, in Knoxville, Tennessee. Changes included deliberate channel
realignment, and channelization of some reaches through culverts and cement lined channels.
The entire watershed has been urban for about 60 years, however new projects, including
highway construction, rebuilding and repairing portions of the channel are continually taking
place. In a four year study from 1997 to 2001, they found no upstream-downstream trend of
erosion or deposition, however, cross sections indicated a downstream trend of increasing width
and area. Channel widening resulting from bank erosion was the dominant accommodation to
higher volume peak flows in Second Creek. Erosion was restricted to unarmored banks, and
aggradation most often occurred in cement culverts and concrete lined channels. Channel
widening has been documented by studies done in a variety of areas and levels of urbanization.
Hammer (1972) found an original increase in sediment followed by increase in discharge,
downcutting and channel widening in an urbanizing watershed in eastern Pennsylvania. Pizzuto
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et al. (2000) also studied streams in Pennsylvania. Paired urban and rural catchments did not
differ in slope of bed or mean bankfull depth. However, bankfull width was larger for urban
channels. Similar results were found by Hollis and Luckett (1976) in southeast England, Neller
(1988) in New South Wales in Australia, and Henshaw and Booth (2000) in Puget Sound in
Washington.
The channel changes in Sauerkraut Run were related to high flow events. Major
degradation of the downstream channel and increased bankfull depth occurred between October
18, 2003 and February 20, 2004, following a period of high flow in December 2003. Discharge
on Waites Run, a neighboring stream in Lost River watershed with a USGS gauge, was 4.90 m3
per second on December 11, 2003. The average for December was 1.03 m3 per second.
Between 11 June 2004 and 26 September 2004 the stream bank on the left of the mid
cross section site located at the armored gravel berm was severely eroded. This should have
widened the stream channel, however, deposition of a gravel bar on the right side actually caused
the streambed to become entrenched. The armored bank on the right side of the downstream
cross section also was eroded, causing channel widening. Stream channel changes resulted from
high flows due to the effects of Hurricane Frances. Stream discharge on Waites Run was
measured at 7.05 m3 per second on 8 September 2004 and 2.89 m3 per second on 9 September
2004. Little change was documented at the reference cross section (a small amount of deposition
was noted), and no change occurred at the upstream cross section. In the reference reach of
Sauerkraut Run the stream is connected to its floodplain and not constricted by artificial stream
banks. Entrenchment continued at the mid cross section site, and thalweg depth increased
between September 2004 and November 2005.
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Similar results were found by Robinson and Barry (2001) who conducted a series of
cross-sectional surveys on streams on the Wenatchee National Forest prior to flooding during
winter of 1995 to 1996, and then resurveyed post flooding. The Duechesne River in Utah
responded to a period of flooding between 1981 and 1987 with channel widening and bed
aggradation of gravel bed channels (Gaumen et al. 2006). In another study in the central
Appalachians, Hicks et al. (2005) found that a brief flash flood produced significant channel
change in the small catchment of Saul’s Run, West Virginia.
Nelson et al. (1996) described changes to urban stream channels located in the Piedmont
Region of Pennsylvania and Maryland following high flow from Hurricane Agnes in 1972. In
the Patuxent River basin in Maryland channel widening, removal of all but the coarsest material
in the streambed, and destruction of the floodplain vegetation took place. In other areas, such as
the Conestoga Basin in southeastern Pennsylvania and Dead Run in Baltimore County,
Maryland, little change to stream cross sections was noted (Nelson et al. 1996). Western Run, in
north-central Baltimore, also experienced channel widening during Hurricane Agnes. However,
within one year of the flood, channel cross-sections were rapidly recovering back to pre-flood
dimensions (Costa 1974). Streams dominated by bedrock outcrops and coarse bed and bank
material such as the Conestoga Basin, Dead Run (Nelson et al. 1996) and Gilmore Creek,
southeastern Australia (Page et al. 2007) experienced less channel incision and stream widening
during high flow periods.
Changes in the streambed can impact the health and habitat available for fish and benthic
maroinvertebrates. Aggradation and excessive stream sedimentation can alter community
composition and abundance of aquatic biota (Rabeni and Smale 1995; Jones et al. 1999),
decreases reproductive success and survival of fishes (Scrivener and Brownlee 1989; O’Conner
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and Andrew 1998), decreases survival of benthic macroinvertebrates due to deposition of silt on
the gills (Lemly 1982) and impact feeding performance of fishes (Sweka and Hartman 2001).
Degradation of the streambed can eliminate current habitat and change the composition of the
stream substrate. Abundances of benthic macroinvertebrates generally increase across the
particle series of sand-gravel-pebble-cobble. However, a more functional relation can be made
between invertebrate abundance and substrate heterogeneity. Abundances are least in
homogeneous sand or silt, or in large boulders and bedrock. A mixture of gravel, pebbles, and
cobble provide the best habitat for benthic macroinvertebrate abundance (Brusven and Prather
1974, Minshall 1984).
Hedrick et al. (2007) calculated the West Virginia Stream Condition Index (WV-SCI)
scores for benthic macroinvertebrate samples collected on Sauerkraut Run. The WV-SCI is a
multi-metric index developed specifically for West Virginia wadeable streams (U. S. EPA 2000),
and includes six normalized metrics using family level data ⎯ EPT (Ephemeroptera, Plecoptera,
Trichoptera) taxa, total taxa, % EPT, % Chironomidae, % of the top two dominant taxa, and HBI
(Hilsenhoff Family Biotic Index). The normalized metric scores range from 0 to 100 and are
categorized as > 78 - 100 = very good; > 68 - 78 = good; > 45 - 68 = fair; > 22 - 45 = poor; and 0
- 22 = very poor. The WV-SCI scores from samples collected downstream of construction in
July and October 2002 indicated benthic macroinvertebrate communities in “fair” biotic
condition. These samples were collected prior to sediment fencing at the construction site and
during a time period when sediment accumulation was significantly greater at the downstream
site (Hedrick et al. 2007). The WV-SCI scores increased to “good” following implementation of
sediment control, however, scores of “fair” were recorded again in December 2003 following the
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episode of high flow and scouring of the stream bed. The WVSCI scores from samples collected
upstream remained good to very good throughout the study.
Unlike many other studies involving streams impacted by road construction and
urbanization, Sauerkraut Run has not been affected by many of the factors associated with
urbanization that follow post construction. With the exception of the area within the
construction zone, which was straightened and had streamside vegetation removed (Figure 6),
the stream riparian area was relatively unharmed. There was no increase in impervious surfaces
and currently no increase in the residential homes along the stream. Without further impacts, the
streambed in the altered reach may continue to stabilize and habitat in the form of pool and riffle
complexes should form. Streams altered by incision and channelization tend to degrade until the
critical bank height is exceeded and the bank fails. This increases channel width and sediment
load. However, over time, the stream will move toward a new equilibrium and incision will
cease (Fischenich and Morrow 2000, Henshaw and Booth 2000). Most stable reaches are
associated with the return or colonization of natural vegetation or when degradation is halted
because the substrate becomes coarse enough to prevent further incision. Henshaw and Booth
(2000) found that streams in developed and developing watersheds in the Puget Sound area,
Washington, stabilized within 10 years. Some streams stabilized in as little as 3 years if land use
remained constant. However, bank armorment and disconnection of Sauerkraut Run may
continue to create a sediment imbalance, forcing the stream to erode still exposed banks during
periods of high flow.
Sauerkraut Run responded to effects of road construction, including channelization and
disruption of the floodplain, with a variety of changes varying from aggradataion, entrenchment
and channel widening, and bed lowering. On a study of Monks Brook catchment, England,
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Gregory et al. (1992) found that channel response to urbanization varied from vertical erosion to
lateral erosion to combinations of the two. The adjusting stream channel changes were not equal
along the entire length of affected channel. Channel adjustment due to human activity may be of
different kinds and spatially discontinuous, and variability can occur along the length of the
channel that is changing as a result of urbanization. Even small changes in imperviousness
associated with construction can cause increases in severe channel stability (Bledsoe and Watson
2001). Changes such as increases in width, and bed lowering in the downstream altered reach of
Sauerkraut Run were similar to changes found in other studies involving road construction.
Knowledge of how streams in the Appalachian area respond to urbanization will be useful to
managers and engineers throughout the remainder of the highway project currently underway
and other construction projects in the future.
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Table 1. Stream cross sectional measurements associated with the Reference Reach and Altered
Reach on Sauerkraut Run, Hardy County, West Virginia. ΔA is the measured change in
area, ΔA% is the change in percent of stream cross sectional area, |ΔA%| is the absolute
value of the percent change in stream cross sectional area. Values with different letters
within a column are significantly different (p < 0.05).

Number of Cross
Sections Measured

Δ Area (m)

ΔA%

|ΔA%|

Reference
Normal Flow

5

0.86 (0.23)a

1.76 (.47) a

3.91 (0.45) a

Reference
Post High Flow

3

0.53 (0.31) a

1.05 (0.61) a

4.88 (0.76) a

Altered
Normal Flow

5

0.97 (0.41) a

1.99 (1.02) a

5.18 (0.94) a

Altered
Post High Flow

3

5.98 (1.98) b

12.42 (4.45) b

24.14 (7.08) b
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Figure 1. Location of the Lost River watershed and Sauerkraut Run, a first order tributary of the
Lost River, Hardy County, West Virginia, USA.

Figure 2. Longitudinal profile of Sauerkraut Run showing (A) the thalweg on the entire reach
surveyed; (B) the thalweg of the reference reach; and (C) the thalweg of the altered reach
from 2004 through 2007.

Figure 3. Stream cross sectional profiles of the reference reach before and after high flow events
on Sauerkraut Run, Hardy County, West Virginia. ΔA% is the change in percent of
stream cross sectional area, |ΔA%| is the absolute value of the percent change in stream
cross sectional area, w/d pre is the width to depth ratio before high flow, w/d diff is the
difference in the width to depth ratio before and after high flow, Gpre ,Gpost, and Gdiff
relate to the Gini coefficient.

Figure 4. Stream cross sectional profiles of the altered reach before and after high flow events
on Sauerkraut Run, Hardy County, West Virginia. Notation is defined in Figure 3.

Figure 5. Photos of Altered Reach 2 on Sauerkraut Run indicating changes in stream bed. The
white dot indicates the same tree in each photo. Photo 7-5-02 showing large alluvial
material; photo 4-5-03 showing removal of that material following high flow; photo 1012-03 showing deposition of gravel bed; photo 12-21-03 showing removal of gravel bed
following high flow.
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Figure 6. Photos of the temporary culvert placed in Sauerkraut Run in April 2002 and removed
in September 2004. Arrows indicate location of culvert, black dot indicates the same
rock in the photos. Photo 7-5-02 showing area upstream of culvert prior to vegetation
removal; photo 10-18-03 showing area upstream of culvert after vegetation has been
removed; photo 6-18-04 showing plunge pool downstream of culvert; photo 9-26-04
showing regarded section of stream following removal of culvert with plunge pool
removed.
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Sauerkraut Run
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Chapter 6 - Response of benthic macroinvertebrate communities to highway
construction in an Appalachian watershed
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Abstract

Highway construction in mountain area can result in sedimentation of streams, negatively
impacting stream habitat and water quality. These impacts can affect the health of the biotic
communities. We assessed the impacts of construction of a segment of Corridor H, a four lane
highway, in the Lost River watershed, West Virginia by monitoring benthic macroinvertebrate
communities and water quality, before, during, and after highway construction at paired
upstream and downstream sites from 1997 through 2007. Data analysis of temporal impacts of
highway construction followed a Before-After-Control-Impact (BACI) study design. Highway
construction impacts included an increase in stream sedimentation during the construction phase.
This was indicated by an increase in turbidity and total suspended solids. Benthic
macroinvertebrate metrics indicate a community more tolerant during, and after construction
than in the period before construction. The percent of chironomidae and the Hilsenhoff Biotic
Index (HBI) increased, while percent of Ephemeroptera, Plectoptera, and Trichoptera (EPT)
decreased. Our 10-year study addressed short-term impacts of highway construction, and found
that impacts were relatively minimal. A recovery of the number of EPT taxa collected after
construction indicated that the benthic macroinvertebrate community may be recovering from
impacts of highway construction. However, this study only addressed a period of three years
before construction, three years during construction and four years post construction. Inferences
can not be made concerning the long-term impacts of the highway, highway traffic, road runoff,
and other factors associated with highway use. Continual monitoring of the watershed is
necessary to determine if the highway has a continual impact on stream habitat, water quality,
and biotic integrity.
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Introduction
The impacts of road construction on abiotic and biotic components of stream systems
have become a central focus of environmental impact studies on urban sprawl and development
of rural lands (Paul and Meyer 2001, Angermeier et al. 2004). Construction-induced abiotic
changes, such as an increase in sedimentation and a decrease in water quality, negatively impact
biotic components, such as community composition of benthic aquatic macroinvertebrates
(Barton 1977, Smith and Kaster 1983, Lamberti and Berg 1995). Although road construction
impacts on streams can be short-term (Burns 1972, Cline et al. 1982, Barton 1977), a complete
understanding of the impacts of road construction requires comparison of abiotic and biotic data
among time periods before, during, and after the construction period (Underwood 1994).
Researchers have examined the effects of logging roads on streams in rural areas
(Beschta 1978, Platts et al. 1989, Eaglin and Hubert 1993, Sugden and Woods 2007, Sheridan
and Noske 2007), and on road construction and increased impervious surfaces on streams in
urban areas (Wolman 1967, Hammer 1972, Booth 1990, Gregory et al. 1992, Colissimo 2007).
Few studies have examined impacts of highway construction on small streams in rural areas,
especially in the Appalachians (Chrisholm and Downs 1978, Cline et al. 1982). Road
construction paralleling or bridging streams alters water chemistry (Helsel et al. 1979, Van
Hessel et al. 1980, Wigington et al. 1983, Atkinson and Cairnes 1992, Johnson et al. 1997,
Koryak et al. 2001) and stream flow (King and Tennyson 1984, Wellman et al. 2000), and
increases stream sedimentation (Barton 1977, Beschta 1978, Cline et al. 1982, Eaglin and Hubert
1993, King et al. 2000). In mountainous areas of the Appalachians, roads often follow
floodplain contours of stream valleys; hence, the intensity of construction impacts increases
owing to the parallel proximity of roads and streams and the high number of bridge crossings.
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Road construction-induced increases of sediment in streams most commonly occur after
periods of heavy rains (King and Ball 1965). Often sediment ponds or fencing do not adequately
control sedimentation during heavy rain events (Barrett et al. 1995, Stevens et al. 2004, Hedrick
et al. 2007). This can occur because storage capacity is inadequate, or proper overflow was not
installed (Alexander et al. 1995). Highway construction creates a large amount of bare earth
especially in mountainous areas where road elevation contours are maintained by mountain cuts
and valley fill operations. However, unlike agriculture, which is a long-term land use, road
construction projects are often short term, and site remediation can return sediment deposition
and suspended solid levels back to pre-construction conditions (Barton 1977).
Stream sedimentation resulting from anthropogenic land disturbances can alter
community composition and abundance of aquatic biota (Rabeni and Smale 1995; Jones et al.
1999), and decrease survival of benthic macroinvertebrates due to deposition of silt on the gills
(Lemly 1982). A change in the community composition of benthic macroinvertebrates is often
used as a bio-indicator of land disturbance-induced impacts on streams (Plafkin et al. 1989,
Kerans and Karr 1994, Barbour et al. 1996). Benthic macroinvertebrates are useful as bioindicators of stream health because of several biological characters, such as a ubiquitous and
ecologically diverse nature, a large number of taxa exhibiting a range of responses to
environmental stressors (tolerant vs. intolerant taxa), and a sedentary nature (compared to fish)
that allows for effective study of the extent of environmental degradation (Johnson et al. 1993).
Comprehensive studies of road construction-induced environmental impacts on streams
need to quantify abiotic and biotic stream conditions before, during, and after time periods of
construction. A study of construction-induced impacts on streams was initiated with the
planning and construction of Corridor H, a segment of the Appalachian Development Highway
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System that began in 2000 in the eastern panhandle of West Virginia. Once completed, this 158km segment of four-lane highway will cross 25 streams and 11 watersheds. We collected
benthic macroinvertebrate, habitat, and water quality data before, during, and after construction
of a section of Corridor H in the Lost River watershed. The objectives of this study were to
determine if metric scores of benthic macroinvertebrate communities at sites upstream and
downstream from construction differed prior to, during, and after road construction, and to relate
changes in the benthic macroinvertebrate community to changes in water quality and habitat
alteration.

Study Site
The Lost River located in Hardy County, West Virginia, has a 473-km2 watershed
(Figure 1), 22% of the land use is agriculture and 77% is forested land. A segment of Corridor
H, a four lane highway, was constructed in the watershed between June 2000 and August 2003.
We chose eight study sites along the highway alignment and sites were paired upstream and
downstream of construction. Three sites were located on the main stem of the Lost River. Sites
HC-1 and HC-1.5 were located downstream of construction, and site HC-2 was located upstream
of construction and upstream from the confluence of Baker Run with the Lost River. Sites HC-3,
HC-4, and HC-7 were located on Baker Run. Site HC-3 served as a cumulative downstream
impact site, and site HC-4 was located downstream of construction and downstream of the
confluence of Long Lick Run with Baker Run. Site HC-7 was located upstream of this
confluence and of construction. Site HC-5 was located on Long Lick Run, upstream of
construction, and site HC-6 was located on a tributary of Long Lick Run downstream of
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construction. Site HC-8 was located on a tributary of Long Lick Run that paralleled highway
construction (Figure 1).

Methods
Habitat
At each site, we assessed habitat before, during and after periods of construction
following the Rapid Bioassessment Protocols (RBP; Barbour et al. 1999). The RBP rates ten
physical habitat parameters in three categories: epifaunal substrate/ available cover,
embeddedness, velocity-depth combinations, sediment deposition, channel flow status, channel
alteration, frequency of riffles, bank stability, bank vegetative protection, and riparian vegetation
zone width. Habitat scores for each category range from 0 (poor) to 20 (optimal). Cumulative
scores were used to evaluate habitat condition.

Water Quality
During preconstruction, water grab samples were collected every six weeks at the eight
sites within the Lost River watershed. Samples were collected bi-monthly during construction,
and four times a year post-construction. Water samples were collected bi-annually from Kimsey
Run, a reference stream in a neighboring watershed. During collection of grab samples, water
temperature (°C), pH and specific conductivity (μs/cm) were measured with a portable multiparameter YSI meter (Model 63, Yellow Springs Instruments, Yellow Springs, Ohio, USA), and
turbidity (NTU) was measured with a portable turbidimeter (Model 2100P, HACH Company,
Loveland, Colorado, USA). At each site, cross sectional flow was measured from stream-width
transects with a portable flowmeter (Model 2000, Marsh-McBirney Inc., Frederick, Maryland,
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USA) following methods of Harrelson et al. (1994). In the laboratory, water samples were
analyzed for total suspended solids (mg/L), iron (mg/L), calcium (mg/L as CaCO3), sulfate
(mg/L), chloride (mg/L), alkalinity (mg/L asCaCO3), acidity (mg/L as CaCO3), nitrate (mg/L),
ammonia (mg/L) and phosphate (mg/L; APHA 1998).

Benthic Macroinvertebrates
We collected benthic macroinvertebrate samples every six weeks using a
modified version of the single habitat protocol described by Barbour et al. (1999). A 500 μ net
with a 50 x 30 cm sampling frame was placed in the streambed, and invertebrates were sampled
from a 0.25-m2 area of riffle immediately upstream of the net. Surfaces of large rocks were
rubbed to dislodge invertebrates, and the substrate was disturbed to a maximum depth of four
centimeters. We composited four 0.25 m2 samples to obtain a 1-m2 sample for each site. In the
laboratory, samples were sub-sampled symmetrically, and macroinvertebrates were enumerated
and identified according to Peckarsky (1990), Merritt and Cummins (1996), and Wiggins (1996).
We counted the number of EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa and total
taxa, and calculated the percent of EPT, the percent of chironomidae, percent of the top two
dominant taxa, and the modified Hilsenhoff Family Biotic Index (HBI; Hilsenhoff 1998). The
modified HBI classifies individual taxa based on their tolerance or intolerance of various levels
of pollution. The score is ranked from 0 to 10 with 10 being considered “very poor” and 0 being
considered “excellent”.
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Study Design
Our analysis of temporal impacts of highway construction followed a Before-AfterControl-Impact (BACI) study design (Underwood 1994). Paired sites were selected based on
habitat similarity, and were located on the same stream and same or next stream order. Paired
sites were located upstream (three sites) and downstream (five sites) of highway construction.
We collected benthic macroinvertebrate data during three time periods: three years before
construction (n=3), three years during construction (n=5), and four years after construction
(n=8). Water quality data were also collected during the three construction time periods (before
n=30; during n=20; after n=20). Using data from multiple pairs of sites allowed for spatial
replication within the watershed and addressed a common concern of pseudo-replication in
simple BACI designs (Stewart-Oaten et al. 1986, Underwood 1994, Stewart-Oaten and Bence
2001).

Analysis
We tested the data for normality using the Shapiro-Wilks test (Sokal and Rohlf 1995),
and for homogeneity of variances using the Levene test (Levene 1960, SAS Institute Inc., 1999,
Montgomery 2004). We analyzed the benthic data using a mixed-model methodology for
repeated measures, analysis of variance (ANOVA) and analysis of covariance (ANCOVA; Littell
et al. 1996). Data for each metric were used to estimate several covariance structures
(unstructured, compound symmetry, and autoregressive) using the SAS PROC MIXED
procedure (Littell et al. 1996), and the appropriate covariance structure was selected with the
second order adjustment of Akaike’s information criterion (AICc). Construction time period
(before, during, or after) and site type (upstream or downstream) were included in the mixed
model as fixed effects, and repeated measures were taken on the experimental unit (i.e., site

125

nested within type). After selection of covariance structure, we estimated the least-square means
for each metric for each site type and construction time period. Using the appropriate model for
covariance structure, we used ANCOVA to examine the effects of construction time period, site
type, and construction time period x site type interactions on each metric. Each water quality
variable was used as covariate in separate statistical models. The significance level of α = 0.05
was adjusted to α = 0.0036 using the Bonferroni correction (Johnson 1998). Analyses were
conducted using SAS (SAS Institute Inc, 1999).

Results
The habitat scores were similar among sites (p > 0.05), with all sites having optimal to
sub-optimal epifaunal substrate and levels of embeddedness (less than 50% of gravel, cobble and
boulder surrounded by fine sediment). Velocity/depth combinations varied, most sites had at
least 3 of the combinations of slow-deep, slow shallow, fast-deep, and fast-shallow. Sites had
adequate riparian zones and channel alteration was minimal. Little changes occurred during the
construction phase at our monitoring sites. Most were located outside of construction zones and
were not impacted by removal of streamside vegetation, or channelization. One site, HC-4,
located downstream of a current county road bridge did undergo streambed change when a high
flow event in September 2003 scoured the larger cobble alluvial material creating a gravel bar
downstream and leaving the site dominated by coarse and fine gravel. Habitat variables were not
used as covariates in our model since monitoring sites did not differ among or between site type
or construction period.
Road construction influenced two water quality variables associated with sedimentation,
Turbidity and TSS, as well as several other water quality variables. Turbidity and TSS were
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greater at downstream sites during the construction phase, and did not remain high following
construction (Figure 2). Several other water quality parameters, including alkalinity,
conductivity, sulfates, and calcium, were consistently higher at downstream sites (Figure 2).
There was an increase in ammonia and iron during construction at the downstream site.
Although some water quality variables were elevated at the downstream sites, they were not
above the recommended ranges for aquatic life (Table 1). Chloride was reported higher than the
recommended 11 mg/l (US EPA 1986) on several sampling dates (Figure 2), but not on average,
or during the highway construction phase. We did not analyze the instantaneous measures of
flow or use these flow data as a covariate in analysis. Instantaneous measurements of flow do
not likely reflect elevation of water quality constituents that result from previous flow conditions.
Mountain streams can be flashy with quick rises and falls in stage height (Johnes 2007), but we
did not capture flow data during storm events.
For all analyses, data met assumptions of normality and homogeneity of variance. The
best approximation of covariance structure for all metrics was the first order autoregressive (AR)
model. This covariance structure suggests higher correlations between proximate times than for
distant times (Littell et al. 1996). At the downstream sites, a significant construction time period
effect (p < 0.05) occurred for all metrics except the total number of taxa. The percent top 2
dominant taxa was significantly higher before construction (Table 2; Figure 3), and percent
chironomidae was significantly higher after construction (Table 2; Figure 3). The percent of
EPT decreased after construction, and the number of EPT taxa decreased during construction
(Table 2; Figure 3). The HBI increased during construction and remained higher following
construction, indicating that the biotic integrity of the community change from “excellent” (0.003.75) to “good” (4.25 to 5.00).
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There was no significant site type effect, however, there was a construction time period x
site type effect for % chironomidae, EPT taxa, and HBI (p < 0.05). For these three metrics,
upstream sites scored poorer than downstream sites before construction. After construction,
downstream sites scored poorer, with a higher percentage of chironomidae (a tolerant taxa), a
higher HBI score, and a lower percentage of EPT taxa (Figure 2).
A significant covariate effect for turbidity, conductivity, total suspended solids (TSS),
iron, sulfate, chloride, pH, alkalinity, nitrate, ammonia, and phosphate (p < 0.0036) was detected
at the downstream sites for HBI. Turbidity and TSS had a siginificant covariate effect on the
number of EPT taxa, and percent of EPT (p < 0.0036). There was no significant covariate effect
on benthic macroinvetebrate metrics % EPT, % chironomidae, % of the top two dominant taxa,
and HBI at the upstream sites. Covariate effect on the number of EPT taxa at the upstream site
for variables turbidity, pH, conductivity, total suspended solids (TSS), calcium, sulfate, chloride,
alkalinity, acidity, nitrate, ammonia, and phosphate was significant (p < 0.0036). Conductivity,
TSS, acidity, calcium, sulfate, and ammonia had a significant (p < 0.0036) covariate effect on
total number of taxa.

Discussion
Two water quality variables, turbidity and TSS, are directly associated with stream
sedimentation and increased during construction of sites within the Lost River watershed. Mean
values of turbidity and TSS are only reported for spring and fall (Figure 2), corresponding to our
benthic macroinvertebrate sampling seasons. However, plots across all seasons indicate two
additional spikes in turbidity and TSS during the construction phase in 2000 and 2001. An
increase in turbidity, TSS, and stream sedimentation was expected given similar findings from
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previous studies (Burton et al. 1976, Barton 1977, Cline et al. 1982, Embler and Fletcher 1983,
Downs and Appel 1986). Sedimentation and run off is an environmental concern at highway
construction sites (US EPA 1990). Factors that affect sedimentation from construction projects
include rainfall, road slope, drainage management, and the erodibility of the source area (such as
cut-and-fill slope characteristics, and the degree of surfacing), and the amount of construction
traffic (Sheridan and Noske 2007). We noticed spikes in turbidity and TSS during the
construction phase instead of gradual change. Sedimentation was related to rainfall events,
indicating that during much of the construction phase, management practices such as silt fencing
and sediment ponds were adequate to control sedimentation.
Before the construction phase, several water quality variables including conductivity,
alkalinity, iron, sulfates, and calcium were higher at the downstream sites versus the upstream
sites. Our study paired sites in similar habitat and within similar stream order. However, the
Lost River watershed is influenced by other human impacts. Although 22% of the watershed is
in agriculture use, due to the alignment of the highway, our sites had a higher percentage of
agriculture land use in a 30-m buffer zone along a 150-m stream reach (Hedrick, unpublished
data). Sites varied from 50% to 100% agriculture riparian use. Watersheds and streams
influenced by agriculture land use tend to have higher levels of nutrients, such a nitrogen and
phosphorous (Crawford and Lenat 1989, Roth et al. 1999). Additionally, many “downstream”
monitoring sites were located near, or crossed by, rural and county maintained roads. Site HC1.5 was downstream of construction, but also downstream of a current gravel road and bridge.
Site HC-3 was downstream of a bridge crossing for State Route 55, and HC-4 was downstream
of a rural bridge crossing over Baker Run. These sites were influenced by roads prior to
construction of the highway. Conductivity is a measure of the amount of total dissolved solids or
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salts (TDS). Higher conductivity values at downstream sites can be related to influences from
current roads, including inputs of de-icing salts, and influences from agriculture. Water draining
agriculture fields typically has high levels of dissolved salts (US EPA 2006). Although
differences existed between sites prior to construction, they did not impact our ability to detect
changes related to construction at the downstream sites.
Additionally, chemical parameters were similar to other studies involving effects of road
construction on water quality (Harned 1988, Barrett et al. 1995). Little change was noticed in
most chemical water quality parameters upstream and downstream of construction. In a study of
paired sites located in Danz Creek watershed, Travis County, Texas upstream and downstream of
a Texas Department of Transportation project, Barrett et al. (1995) noticed a spike in iron during
construction. The iron concentration was related to the concentration of suspended solids. A
similar relation occurred for water samples from sites in the Lost River watershed in Fall 2002
(Figure 2).
Cleveland and Fashokunz (2006) monitored a pair of sites upstream and downstream of a
temporary sediment control structure before, during and after highway construction in Harris
County, Texas. Of the water quality parameters measured, only TSS and phosphates were
significantly greater during construction times periods. The concentration of TSS was two times
greater during non-storm flow events and six to ten times greater during stormwater events.
After construction, TSS and phosphorous were similar to during construction values. Elevated
nitrogen and phosphorous can result from run-off of fertilizer during and following site
restoration (US EPA 2005)
Spikes in ammonia during Spring 2002 and Fall 2004 were related to high flow events
due to heavy rains. During the first week of September 2004, heavy rains and high flows
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resulted from the effects of Hurricane Frances (Southeast Regional Climate Center,
www.sercc.com). An increase in runoff from agricultural land, especially land with livestock
and manure fertilizer, could influence ammonia levels in the water (US EPA 2006). We did not
measure flow during and directly after these storm events, however, data from a local USGS
stream gage located in the watershed indicate high flows. The maximum flow in Fall 2004 was
249 cfs, with an average flow of 12.1 cfs.
In Fall 2005, several water quality variables increased at the downstream sites, including
conductivity, alkalinity, acidity, sulfates and chlorides. During Fall 2005, low amounts of
precipitation resulted in low stream flows. Lack of flow and ability of the stream to dilute
various chemicals (Johnes 2007) may have caused the elevated values. None of the water quality
parameters tested in our study reached levels that limit aquatic fauna of streams.
Changes of some benthic macroinvertebrate metrics indicated construction effects on
benthic macroinvertebrate communities at downstream sites. The percent of EPT taxa decreased
over time, and the HBI and percent of chironomidae increased over time, indicating a more
tolerant benthic macroinvertebrate community. This shift from intolerant to tolerant taxa is
consistent with the results of other stream/land disturbance studies (Chrisholm and Downs 1978,
Stepenuck et al. 2002, Wang and Kanehl 2003, Gage et al. 2004, Riley et al. 2005). In warm
water streams in Wisconsin, levels of watershed urbanization were negatively correlated to EPT
abundance and positively correlated to HBI (Stepenuck et al. 2002). In a study of urbanization
impacts on coldwater streams, Wang and Kanehl (2003) also found an increase in HBI scores
and a decrease in EPT abundance.
The number of total taxa was not significantly different at upstream and downstream sites
or among time periods. Collecting similar number of taxa does not indicate similarity in the
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benthic macroinvertebrate communities among sites and time periods. The number of taxa can
be similar, however, the tolerance of the taxa can differ among sites. In a study to document the
effects of constructing a highway across Halon Creek, a small stream in Ontario, Barton (1977)
found no appreciable differences in the total number of benthic macroinvertebrates although
species composition changed. There was an increase in tolerant taxa and a decrease in sensitive
taxa.
Although we documented a decrease in percent EPT and an increase in percent
chironomidae, a post-construction increase in number of EPT taxa indicates partial recovery of
the benthic macroinvertebrate population. In a study on another stream in the Lost River
watershed, Hedrick et al. (2007) found that complete removal of the streambed, (i.e., degradation
of 3-ft of bed material), did not have a long-term effect on the benthic macroinvertebrate
community. In a study of highway culvert construction and riffle habitat restoration within a
small stream in Ontario, Barton (1977) reported recovery of macroinvertebrate species
composition and abundance within a year after streambed restoration. Cline et al. (1982) found
that within one year post-construction, IBI values were comparable to reference sites on a high
elevation Rocky Mountain stream. Repopulation and diversification of macroinvertebrate
communities occurred quickly in disturbed and newly-created reaches of Turtle Creek, West
Virginia (Chrisholm and Downs 1978). Within about one year, the benthic macroinvertebrate
population of the disturbed stream was similar to that of the control stream (Chrisholm and
Downs 1978). Tributary inflow and downstream drift of benthic macroinvertebrates from
unaltered stream reaches contribute to successful recovery of benthic macroinvertebrate
communities within disturbed stream reaches (Williams and Hynes 1976, Gray and Fisher 1981).
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Highway construction influenced water quality and benthic macroinvertebrates within the
10-year study period, but the magnitude of impact was minimal during our short-term study.
During construction, the benthic macroinvertebrate communities declined in biotic integrity, but
were still classified as “good” by HBI scores. Our study, however, examined short-term effects
of highway construction, but long-term effects should also be considered (Angermeier et al.
2004). Further studies on long-term effects should include a focus on road runoff, such as
deicing salts (Koryak et al. 2001) and elevated stream water temperatures (Roth et al. 1999).
The stretch of Corridor H through the Lost River watershed is located in a rural setting, and
impacts will likely increase with time as land use shifts gradually from rural to urban. Smith and
Kaster (1983) found that runoff from roadways with light traffic density (7,000-8,000 vehicles
per day) had only a minimal effect on macroinvertebrate populations. Our short-term study does
not allow inference toward the long-term continual health of study streams, and long-term
studies should monitor the increase in urbanization and its impacts on streams within the
watershed.
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Table 1. Water quality variables associated with upstream and downstream sites in the Lost
River watershed, West Virginia. Ranges of each variable are reported from the
monitoring period of 1998 through 2007.

Water Quality
Parameter
pH
Acidity
Alkalinity

Range for
Freshwater
Organisms

Source

Upstream

Downstream

6 to 9

Stumm and
Morgan 1996

6.41 to 9.29

6.31 to 9.60

0.01 to 13.0 mg/L

0.01 to 14.7 mg/L

15.62 to 161.5
mg/L

11.94 to 203.5 mg/L

not available
10 to 400 mg/L

Jenkins et al.
1995

Conductivity

not available

36.2 to 263 µs

28.6 to 508 µs

Turbidity

not available

0 to 43 NTU

0 to 99 NTU

TSS

< 25 mg/l

WHO 1996

0.15 to 24.3 mg/L

0.15 to 51.0 mg/L

Chloride

< 11 mg/L

US EPA 1986

0.05 to 21.2 mg/L

0.80 to 45.9 mg/L

Sulfate

< 100 mg/L

WHO 1996

0 to 25.1 mg/L

0 to 77.0 mg/L

<0.3 mg/l

WHO 1996

0 to 0.45 mg/L

0 to 1.11 mg/L

< 1 mg/L

Jenkins et al.
1995

Iron

Phosphate

not available

0.0 to 0.52 mg/L

0.0 to 0.51 mg/L

Calcium

not available

1.50 to 73.0 mg/L

2.36 to 92.4 mg/L

Nitrate
Ammonia

< 40 mg/l

WHO1996

0.002 to 6.28
mg/L

0.00 to 10.11 mg/L

0.04 – 1.0 mg/l

WHO 1996

0 to 0.12 mg/L

0 to 0.20 mg/L
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Table 2. Results from ANCOVA of metrics associated with the benthic macroinvertebrate at sites located downstream of highway
construction in the Lost River watershed, Hardy County, West Virginia.

% Top 2
Dominant
Construction
t Value
Period
Before vs.
2.95
During

% Chironomidae

% EPT

HBI

EPT Taxa

Total Taxa

Pr > |t|

t Value

Pr > |t|

t Value

Pr > |t|

t Value

Pr > |t|

t Value

Pr > |t|

t Value

Pr > |t|

0.013

-0.23

0.821

1.9

0.084

-2.85

0.016

0.8

0.439

0.87

0.404

During vs.
After

1.24

0.240

2.95

0.013

-1.15

0.275

1.12

0.286

3.42

0.006

1.96

0.076

Before vs.
After

-2.21

0.049

2.63

0.024

-3.01

0.012

4.01

0.002

1.83

0.095

0.65

0.528
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Figure 1. Location of study sites in the Lost River watershed, Hardy County, West Virginia,
USA.

Figure 2. Time series of water quality variables associated with sites upstream and downstream
of highway construction. Means with standard error bars are plotted by season (F = fall,
SP = spring, and year); vertical bars indicate plus and minus one standard error.
Highway construction occurred within the time period of Fall 2000 through Fall 2003
(bracketed by vertical bars).

Figure 3. Mean values of metric scores with standard error bars associated for sites upstream
and downstream of highway construction during three construction time periods, before,
during, and after construction. Mean values with different letters differ significantly (p <
0.05).
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Chapter 7: Management Implications
Corridor H is a four-lane highway being constructed in the eastern panhandle of West
Virginia. From 1997 through 2007 we had the opportunity to monitor the Lost River watershed
before, during, and after highway construction in Hardy County, West Virginia. We assessed
highway impacts by evaluating sedimentation, stream geomorphology changes, benthic
macroinvertebrate communities, and water chemistry at sites located upstream and downstream
of highway construction.
Monitoring of sedimentation using a new sediment trap design (Hedrick et al. 2007)
indicated that sites downstream of construction collected a higher percentage of material > 4.7
mm in diameter, and a greater amount of total sediment in grams (Hedrick et al. 2007). When
sediment fencing on Sauerkraut Run, a tributary of the Lost River, failed during a period in
August 2002, sedimentation increased, causing aggradation of the streambed and negatively
effecting the benthic macroinvertebrate communities. Re-establishment of appropriate sediment
fencing decreased the amount of sediment and the benthic macroinvertebrate community
recovered quickly. This indicates that when appropriate Best Management Practices (BMPs) are
applied and functioning properly they are useful in reducing the impacts of construction.
We surveyed longitudinal profiles and cross sections in a reference reach and altered
reach of Sauerkraut Run from 2003 through 2007 to measure changes in the streambed. The
altered reach included a section upstream of construction where a gravel berm was constructed to
redirect flow, a straightened channel section where a temporary culvert was placed and removed,
and downstream of the temporary culvert to State Route 55. Vegetation was removed from the
banks in construction area, and downstream vegetation had been removed previously on the left
bank when Sauerkraut Road was treated with asphalt in 1999. During the four-year period, three
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high flow events occurred. Although the reference section upstream of construction showed
little change in morphology in response to these events, cross sectional profiles of the altered
reach indicated that it went through changes including channel widening, aggradation, and then
degradation of the stream bed. The upstream reference reach is connected to the floodplain and
has a healthy riparian of mature trees and vegetation along both banks. This study shows the
importance of flood plain and riparian. When the culvert was removed in September 2004, the
streambed was regarded with gravel material, the elevation was increased by 0.3 m, and a long
riffle section was created. Over the next year, as the stream channel adjusted, elevation degraded
and several small pools were created. The altered reach would benefit from natural channel
design, including the addition of meanders and riffle/pool complexes, and improvement of the
riparian zone by planting of trees along the channelized section that passes under the overpass.
Riparian vegetation will help prevent the stream from widening and will protect the banks from
future erosion. Bernard et al. (2007) provide a comprehensive guide on stream restoration and
channel design that could be useful in developing a stream channel and riparian area that would
be less likely to become unstable, erode, and cause further sedimentation.
The long term monitoring study of sites located upstream and downstream of
construction reinforce the conclusions made in our sediment monitoring study, and increases in
turbidity and total suspended solids were documented during construction. The increases were
not consistent during the construction time period, but occurred as spikes, most likely related to
runoff events due to rain. These results emphasize the need for sediment fencing, sediment
ponds, and other BMP designs. During construction other water quality constituents, such as
iron (related to increases in turbidity), and nitrates and phosphates, due to fertilization of areas
being reseeded, also occurred. Benthic macroinvertebrate response to changes in water quality
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and habitat due to sedimentation included a shift to a more tolerant community at downstream
sites. The percent of chironomidae (a family considered tolerant of degradation) and the
Hilsenhoff Biotic Index (HBI) increased, while percent of Ephemeroptera, Plectoptera, and
Trichoptera (EPT – orders sensitive to environmental degradation) decreased.
Our 10-year study addressed short-term impacts of highway construction, and found that
impacts were relatively minimal. However, this study only addressed a period of three years
before construction, three years during construction and four years post construction. Inferences
can not be made concerning the long-term impacts of the highway, highway traffic, road runoff,
and other factors associated with highway use. Continual monitoring of the watershed is
necessary to determine if the occurrence and use of the highway, as well as associated
urbanization will have a continual impact on stream habitat, water quality, and biotic integrity.
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range study on nutria utilizing radio telemetry
Use of LOCATE II, CALHOME, and ArcView™ 3.2; to determine home
range and movement patterns, and habitat types used within home range areas.
Part of a committee creating an eradication program for nutria for the State of
Maryland, involved in creating an informational nutria handout for public
education

5/1995 to 8/1995

Research Assistant
Cambridge, MD
Tudor Farms
Supervisor: Dr. Edward Soutiere
(410) 228-8290
Data collection for a GIS project involving delineating apparent vegetation
types using infra-red aerial photographs and verifying by direct observation
Vegetation sampling , wetland plant identification and wetland delineation
Digitizing vegetation polygons using ArcView

Peer Reviewed Publications
2008

Hedrick, L. B., S. A. Welsh, J. T. Anderson, and J. D. Hedrick. In press. Evaluation of a new sediment
sampling device. Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies : -

2007

Hedrick, L. B., S. A. Welsh, and J. T. Anderson. 2007. Effects of highway construction on sediment
and benthic macroinvertebrates in two tributaries of the Lost River, West Virginia. Journal of
Freshwater Ecology 22:561-569.
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2005

Hedrick, L. B., S.A. Welsh, and J.D. Hedrick. 2005. A new sampler design for measuring
sedimentation in streams. North American Journal of Fisheries Management 25:238-244.

2005

Hedrick, J. D., L. B. Hedrick, and F. J. Margraf. 2005. A sampler for capturing larval and juvenile
Atlantic menhaden. North American Journal of Fisheries Management 25:245-250.

2005

Cincotta, D.A., S.A. Welsh, D.P. Wegmen, L.B. Hedrick, and T.E. Oldham. In press. Fishes of the
Blackwater River drainage with a discussion of their status and origin in Canaan Valley and its
Environs: a Landscape Heritage Celebration, Canaan Valley Institute, Canaan Valley, WV.

TECHNICAL REPORTS
2002

Hedrick, J. D. and L. B. Ras 2002. Conceptual mitigation plan for Barnet Run and Ming Run,
Coastal Coal - West Virginia, LLC. Report to Coastal Coal - West Virginia, LLC. 8 pp.

2002

Hedrick, J. D. and L. B. Ras. 2002. Determination of aquatic impacts associated with the Rollem
Fork No.2 Surface Mine SMA No. S-5025-00. Report to Pen Coal Corporation. 44 pp.

2002

Hedrick, J. D. and L. B. Ras. 2002. Determination of aquatic impacts associated with the Copley
Trace Branch No. 2 Surface Mine SMA No. S-5026-98. Report to Pen Coal Corporation. 35 pp.

2001

Hedrick, J. D., and L. B. Ras. 2001. Determination of aquatic impacts associated with Callisto
Surface Mine, SMA No. S-5009-00. Reported to Sammons Law Office, Charleston, WV and Callisto
Coal Company, Beckley, WV. 30 pp.

2001

Kirk, E. J., J. D. Hedrick, and L. B. Ras. 2001. Benthic macroinvertebrate, habitat, water chemistry,
and fisheries studies of stations on Trough Fork and Big Laurel Creek. Report to Pen Coal
Corporation, Inc., 72 pp.

2001

Kirk, E. J., J. D. Hedrick, and L.B. Ras. 2001. Benthic macroinvertebrate, habitat, water chemistry,
and fisheries studies of stations associated with proposed valley fills on Rollem Fork. Report to Pen
Coal Corporation. 83 pp

2001

Kirk, E. J., J. D. Hedrick, and L. B. Ras. 2001. Environmental assessment for water quality impacts
and permits, wetland impacts, and water body modification and wildlife impacts from the
Clarksburg / Grafton Road Project, (State Project U217-50-18.03, Federal Project STP0050(170)E). Report to L. A. Gates Company, 2303 South Fayette Street, Beckley, West Virginia
25801. 7 p.

2001

Kirk, E. J., J. D. Hedrick, and L. B. Ras. 2001. Benthic macroinvertebrate, habitat, water chemistry,
and fisheries study of streams associated with 4 proposed valley fills at the Republic No. 1 Surface
Mine. Report to C. C. Coal Company, Cabin Creek, West Virginia. 136 p.

1999

Hedrick, J. D., L. B. Ras, and F. J. Margraf. 1999. Distribution, progression, and species specific
incidence of fish skin abnormalities in the Pocomoke River system. 1998 Annual Report. Maryland
Department of Natural Resources, Cooperative Oxford Laboratory. Oxford, Maryland.

1999

Ras, L. B., J. D. Hedrick, and F. J. Margraf. 1999. Distribution, progression, and species specific
incidence of fish skin abnormalities in Maryland. 1999 2nd Quarterly Report. Maryland Department
of Natural Resources, Cooperative Oxford Laboratory. Oxford, Maryland.

1998

Hedrick, J. D., L. B. Ras, and F. J. Margraf. 1998. Distribution, progression, and species specific
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incidence of fish skin abnormalities in the Pocomoke River system. 1998 3rd Quarterly Report.
Maryland Department of Natural Resources, Cooperative Oxford Laboratory. Oxford, Maryland.

Presentations
2008

Hedrick, L., S. Welsh, and J. Anderson. Effects of highway construction on sediment and benthic
macroinvertebrates in two tributaries of the Lost River, WV. Presented at the Southern Division of
the American Fisheries Society 2008 Spring Meeting, Wheeling, WV, 1 March 2008.

2007

Hedrick, L., S. Welsh, J. Anderson and J. Hedrick. Evaluation of a new sediment sampling device.
Presented at the Southeastern Association of Fish and Wildlife Agencies meeting, Charleston, WV,
October 2007.

2004

Hedrick, L. and S.A. Welsh. New methods for estimation and analysis of stream sedimentation.
Presented at the American Society of Ichthyologists and Herpetologists meeting, Norman, OK, 26
May- 1 June 2004.

2004

Hedrick, L., S. Welsh, J. Anderson, and R. Fortney. 2004. Monitoring anthropogenic sediment
inputs in Appalachian streams. Poster presented at the Northeastern Association of Fish and
Wildlife Agencies Conference, Ocean City, Maryland, 27 April 2004.

2004

Hedrick, L., S. Welsh, J. Anderson, and R. Fortney. 2004. Assessing influences of highway
construction on Appalachian streams. Presented at the Northeastern Association of Fish and
Wildlife Agencies Conference, Ocean City, Maryland, 27 April 2004.

2004

Hedrick, L., S.A. Welsh, J. Anderson, and R. Fortney. 2004. Assessing influences of highway
construction on Appalachian streams. Presented at the annual Graduate Student Conference of the
Davis College of Agriculture, Forestry, and Consumer Sciences, West Virginia University, 8 April
2004.

2004

Hedrick, L. and S.A.Welsh. Assessing sedimentation in Appalachian headwater streams. MidAtlantic Water Pollution Biology Workshop, Cacapon State Park, West Virginia. 25 March 2004.

2004

Hedrick, L. B. and S. A. Welsh. Analysis of sediment data from Sauerkraut Run using information
theoretic methods. Presented at the West Virginia Chapter of the American Fisheries Society Annual
Meeting, Clarksburg, WV, 6 February 2004

2003

Bounds, D. L. and L. B. Hedrick. Movements and population estimates of nutria in Maryland
wetlands. Invited Presentation to Symposium SSO8: Nutria: Biology, Impacts, and Management.
Presented at the Society of Wetland Scientists 24th Annual Meeting, New Orleans, LA, 12 June 2003.
(Invited)

2003

Hedrick, L. B., and S. A. Welsh. A sampler design for monitoring impacts of road construction.
Presented at the West Virginia Chapter of the American Fisheries Society Annual Meeting,
Morgantown, WV, 24 April 2003.

2003

Hedrick, J. D., and L. B. Hedrick. A sampler design for capturing larval and juvenile fishes for
propagation. Presented at the West Virginia Chapter of the American Fisheries Society Annual
Meeting, Morgantown, WV, 24 April 2003.
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2003

Hedrick, L. B., and S. A. Welsh. A sampler design for monitoring impacts of road construction.
Invited Presentation to Symposium: Southern Dirt: Sedimentation in Southeastern Waters. Presented
at the Southern Division American Fisheries Society Spring Meeting, Wilmington, NC, 15 February
2003. (Invited)

2002

Hedrick, J. D., and L. B. Hedrick. Cumulative Impacts of Mountain Top Mining on Receiving
Streams and Watersheds. Presented at the American Fisheries Society 132nd Annual Meeting,
Baltimore, MD 22 August 2002.

2002

Hedrick, L.B., and J. D. Hedrick. Effects of Mountain Top Mining on Habitat and Water Chemistry
in Headwater Streams. Presented at the American Fisheries Society 132nd Annual Meeting,
Baltimore, MD, 22 August 2002.

2002

Hedrick, L.B., and J. D. Hedrick. Aquatic impacts resulting from valley fill construction. Presented
at the West Virginia Chapter of the American Fisheries Society, Morgantown WV, 26 April 2002

2002

Ras, L.B., and J. D. Hedrick. Determination of aquatic impacts resulting from valley fill construction.
Presented at the West Virginia Surface Mine Drainage Task Force Symposium, Morgantown WV, 16
April 2002

2002

Ras, L. B. Ecology and management of nutria on the Eastern Shore of Maryland. Presented at the
West Virginia Chapter of The Wildlife Society Meeting, Stonewall Jackson State Park, WV, 7 March
2002

2001

Hedrick, J. D., E. J. Kirk, and L. B. Ras. Biological Monitoring of Trough Fork Between 1995 and
2000. Presented at the Aquatic Issues Stakeholders Meeting, Wheeling Jesuit University, WV, May
2001.

1999

Ras, L. B., D. L. Bounds, F. J. Margraf, and E. Soutiere. Population estimates of nutria and hunting
trends at Tudor Farms, Dorchester County, Maryland. Presented at the North American Aquatic
Furbearers Conference, Mississippi State University, MS, May 1999

1998

Ras, L. B., D. L. Bounds, F. J. Margraf, and E. Soutiere. Population and home range estimates of
nutria at Tudor Farms. Presented at the Exotic Species Symposium, USGS Patuxent Wildlife
Research Center, Laurel, MD, August 1998.

ACCOMPLISHMENTS
2004

Patent received on a Sediment Sampler for Aquatic Environs
U.S. Patent Number 6,823,749 awarded November 30, 2004

Professional Organizations and Awards
1993
1995
1998
2001
2004
2004

Inducted, Xi Sigma Pi - Forestry Honor Society
Inducted, Phi Kappa Phi - National Honor Society
Member, American Fisheries Society
Certified Associate Fisheries Professional, American Fisheries Society
Member, American Society of Ichthyologists and Herpetologists
Northeast Division of AFS Travel Award
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WORKSHOPS ATTENDED
2006

Advanced Macroinvertebrate Ecology and Identification. Instructed by Dr. J. Reese Voshell, Jr.
and Stephen Hiner. National Conservation Training Center, Shepherdstown, WV. March 6 – 10,
2006.

2003

Fish Identification Course. Instructed by Dr. Stuart Welsh and Dan Cincotta. National
Conservation Training Center, Shepherdstown, WV. November 17-21, 2003.

2003

Sediment Transport Monitoring Workshop. Instructed by Lee Chavez, Consulting Hydrologist.
Canaan Valley Institute, Davis, WV. August 18-22, 2003.

2001

Applied Fluvial Geomorphology Course. Instructed by Dave Rosgen, Principle Hydrologist,
Wildland Hydrology Consultants. San Jose, CA. October 2001.

OTHER RELEVANT EXPERIENCE
2007

Review of manuscripts Wetlands, Journal of the Society for Wetland Scientists

2006

Review of manuscripts for North American Journal of Fisheries Management

2004

Review of manuscripts for Southeastern Association of Fish and Wildlife Agencies Annual
Conference

2003

Introduction to Power Point Workshop. Co-taught with Pat Mazik, West Virginia University.
August 2003.

2003

Introduction to Power Point Workshop. Assisted students. West Virginia University. January 2003.

2003

Review of Manuscipts for Southeastern Association of Fish and Wildlife Agencies Annual
Conference

KNOWLEDGE, SKILLS, AND ABILITIES
Proficient in office software: Microsoft™ products: Access, Excel, Word, PowerPoint, Outlook,
WordPerfect,
Proficient with SAS™ 8.1, NTSYSpc, program MARK, Statistix
Proficient in GIS Software: ESRI ArcGIS™ 8.3, ArcView™ 3.2; Extensions Spatial Analyst,
Geostatistical Analyst
First Aid and CPR Certified by American Red Cross
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REFERENCES
Dr. Stuart A. Welsh, Assistant Unit Leader - Fisheries
West Virginia Cooperative Fish and Wildlife Research Unit
West Virginia University
POB 6125, Morgantown, WV 26506
swelsh@wvu.edu

(304) 293-2941 ext 2419

Dr. Patricia Mazik, Unit Leader
West Virginia Cooperative Fish and Wildlife Research Unit
West Virginia University
POB 6125, Morgantown, WV 26506
pmazik@wvu.edu

(304) 293-2941 ext 2431

Dr. James T. Anderson, Ph.D.
West Virginia University
Division of Forestry and Natural Resources
PO Box 6125
Morgantown, WV 26506-6125
jander25@wvu.edu

(304) 293-2941 ext 2445

Dr. F. Joseph Margraf, MS graduate advisor
University of Alaska Fairbanks
209 Irving I Building
PO Box 757020
Fairbanks, AK 99775-7020
ffjfm1@uaf.edu

(907) 474-7661
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